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Abstract 
There have been no previous studies carried out on the impact of urban runoff in the 
Coventry City centre area. The culverted nature of the River Sherbourne, and many of 
its tributaries, makes the investigation of intennittent pollution and rainfall events 
expensive and impractical, when using traditional spot sample methods. Storm events 
have been monitored over a period of over 60 months upstream and downstream of 
the City, using continuous water quality monitors and auto-spot sample methods. The 
receiving waters of the River Avon had previously suffered annual fish mortalities as 
a result of summer storm events causing oxygen depletion. Previous studies (Clifforde 
and Williams 1997) on the impact of Coventry Sewage Treatment Works effluent on 
the watercourse, have suggested a major component of the intermittent pollutant load 
arising from the City (upstream of the Sewage Treatment Works), which requila 
evaluation and remediation. 
This research identifies the contaminants found dming a series of storm events 
impacting on the River Sherbourne culvert and discusses the relationship between 
them and the increased flow measured The methodology was divided into 3 Phases; 
Phase 1 examined all of the watercourses in the River Sowe catchmen~ and identified 
the culverted streams and drainage system giving an indication of the presence of 
pollutant sources. Continuous monitors were deployed within the four identified 
drainage systems to pinpoint intermittent and illegal contaminated discharges, and 
these discharges were subsequently redirected to the foul sewer or stopped. Phase 2 
examined the quality of the River Sherbomne culvert upstream and downstream of1be 
city centre. and demonstrated (using continuous monitors and automated sampling). 
that six combined sewer overt1ows discharging to the watercourse upstream of the 
culvert were operating unsatisfactorily_ The dissolved oxygen levels were 
significantly reduced during rainfall events (with a loss of diurnal variation), and total 
ammonium levels exceeded current water quality standards. The results were used to 
instigate a remediation scheme to replace the overflows with additional foul sewerage 
capacity, and a single high-level stonn relief 
Phase 3 examined the impact of urban runoff during rainfall events after the 
improvements made following Phases ] and 2. The results suggest a marked 
improvement in the water quality, with little impact from organic pollutants. 
Dissolved oxygen concentrations remained bigh during many of the post-remedial 
rainfall events, and ammonia levels remained largely insignificant. The results 
indicated a fall in pH levels during the rainfall events and increases in all of the heavy 
metals analysed, though not beyond current water quality guidelines. 
The efficiency of using continuous monitoring in Coventry was assessed and likely 
sources of the contaminants in urban runoff were considered. The statistics of 
compliance with percentile standards do oot a)low for short-term pollution or stonn 
events, which may kill all aquatic life whilst not breaching water quality standards. 
Using continuous monitors to identity intermittent and illegal discharges in 
underground drainage systems was an efficient and cost-effective method of reducing 
the impact of urban runoff in a failing watercourse. The methodology can be applied 
to other urban areas to identify unidentified illegal and intennittent point sources. 
Routine monthly monitoring of an urban watereourse may not identify the peaks and 
troughs associated with rainfall events that may breach toxicological guidelines. and 
will not identify intennittent and unknown pollutant sources; particularly when 
discharging outside of normal working hours. 
This research was a unique and comprehensive investigation into the nature and 
composition of urban runoff in the City of Coventry, and local data gathered wilJ be 
IT 
invaluable in promoting further research, improving local knowledge of the urban 
environment in preparation for the Water Framework Directive (2000/60/EC), and in 
planning for environmental improvements in the future. 
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Chapter 1. An introduction to anthropogenic pollution sources and an 
investigation into urban runoff problems in an inner city environment. 
Introduction 
Water covers approximately 75 percent of the World's surface with a volume of over 
one billion cubic kilometres. Only a small part (0.003%) of this volume is fresh and 
accessible however (Smol, 2002), with 97% of the total comprising the oceans, with 
the majority of the remaining 3% being frozen in ice caps and glaciers, or buried deep 
underground (Mason, 2002). For most of the Earth's history, only natural elements 
such as wind, ice and water, along with geological events and tectonic movements, 
have effected gradual (and occasionally catastrophic) transformations of the 
environment, with micro-organisms, plants and animals acting reciprocally within the 
biosphere. No geological event in a billion years, including the formation of 
mountains or the occurrence of periodic glacial ages, has posed a threat to terrestrial 
life comparable to that of human overpopulation and intervention. About 5 X 106 
years ago the fIrst hominid species evolved, and as knowledge has progressed, and 
science and technology have developed, Mankind has not only been able to identify 
the processes and consequences of environmental change, it has also developed the 
means of drastically altering the environment through habitat loss, urban expansion, 
exploitation of natural resources and the introduction of pollutants from agriculture, 
industry and urbanisation (Mannion, 1997). In particular most environmentalists now 
accept global warming caused by human activities as fact, and if the use of fossil 
energy is not controlled in the short term, the effect on natural resources, including 
water, will be severe. The human population, currently estimated at 6.24 billion, is 
predicted to rise to 10 billion by 2050, and approximately 80% of the global 
population today live in developing countries where already, some 25000 children die 
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each day from a lack of safe drinking water and basic sanitation (Mason, 2002). The 
populations of most underdeveloped countries are doubling every 20-25 years (Ehrlich 
et ai, 1972) and some 40 percent of the world's population in over 80 countries are 
affected by serious water shortages, whilst in other countries water is too expensive to 
recover or treat to an acceptable standard. Pollution therefore is a gross misuse of an 
essential resource, and it is only in recent years that the problem has been addressed 
seriously (Sections 1.2 and 2.2.3). 
This chapter identifies that increased pollution is associated with population growth and 
urbanisation, and recognises that as the population increases, the pollution generated by 
affluent and developing countries can impact on the global environment by climate 
change. Recent acknowledgement of anthropogenic global environmental impact from 
world leaders has led to pressure on developed countries to reduce emissions from 
industrial processing, and the European Community is leading by example in setting 
tough standards to reduce emissions (and therefore impact) to the local and global 
environment. These targets are set in Europe as Directives, which in tum are 
implemented in the UK as Regulations to control process emissions and determine 
environmental standards, including water quality standards. These water quality 
standards are used to identify whether urban runoff is impacting on the River Sowe 
catchment and whether identification and remediation of pollutant sources can be 
achieved by meeting the aims and objectives identified in Section 1.5. 
1.1 Urbanisation 
The rate of growth of population in the twentieth century has been accompanied by 
settlement of virtually all the inhabitable parts of the world and an increase of more 
than a billion people in urban settlements of over 20000 inhabitants. Urbanisation has 
led to a quadrupling of energy consumption and considerable usage of depletable 
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resources (Ward and Dubos, 1974). Extractive and processing plant machinery, as 
well as waste production, have created localised industrial landscapes and can also be 
responsible for altering environmental quality at a distance, through air and water 
pollution (Mannion, 1997). The production of wastes by these communities has led to 
the development of treatment and disposal methods, including biological treatment, 
incineration and land-filling that will still give rise to pollution of land, air and water. 
Legislation to identify permissible pollution levels may demonstrate intent to maintain 
national economic competitiveness, rather than protect the local or global 
environment, and it is not surprising that policy makers and planners from countries 
seeking economic development are not side-tracked by environmental concerns (Ward 
and Dubos, 1974). 
1.2 Climate change 
The plan of action agreed by the leaders of the G8 at Gleneagles in July 2005, identified 
for the first time, (with the agreement of all present) that climate change is happening 
now, and that human activity is contributing to it. The summit acknowledged that 
emissions globally should 'slow, peak and then decline' and that further progress was 
expected in the UN Climate Change conference in Montreal in November 2005 
(www.G8.gov.uk). The Kyoto Protocol, signed in 1997, requires 35 industrialised 
countries, including the U.K., to reduce greenhouse gas emissions to approximately 8% 
below the 1990 levels by the years 2008-2012, but Australia and the United States 
(www.usembassy.itlpdflother/RL30692.Ddf) have refused to ratify the treaty. The alternative 
'G6' Asia-Pacific climate change programme agreed by Australia, America, China, 
India, Japan and South Korea in July 2005, focuses more on developing new 'cleaner' 
technologies rather than cutting greenhouse emissions, and has been described by some 
environmental groups (Friends of the Earth included) as 'nothing more than a trade 
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agreement' (www.foe.uk:). On a global scale, economic competition is still a higher 
priority amongst some of the larger developed countries, and some, (e.g., USA), are 
strongly opposed to any reduction in emissions that may harm their manufacturing 
capability or their ability to compete with developing countries. The European Union 
has recently identified that it is seeking legally binding global restrictions on greenhouse 
emissions, with calls for global emissions cuts of 20- 40% by 2020 on 1990 figures 
(Decision No. 1600/2002IEC). The Sixth Environment Action Programme of the 
European Community published in September 2001 identifies Climate Change as a 
priority issue, along with Nature and Biodiversity; Environment and Health and quality 
of life; and Natural Resources and Waste; though the resultant 2002 Climate change 
programme has been more successful in some European countries than others, with 
Luxembourg cutting its emmissions by 44% on 1990 figures and Ireland increasing 
emissions in 200 I (2003 figures) by 31.1 %. The Commission estimates that in the 
longer term a 70% reduction in global greenhouse gas emission, compared to 1990 will 
be required. The European Community has produced a wealth of legislation to protect 
water quality in the European Union, including the Water Framework Directive 
(2000/60IEC) which will take a holistic approach to environmental quality risk 
management and form a part of the Sixth Environment Action Plan to manage risks 
from chemicals (including pesticides). Other legislation allied to this cause include the 
following: 
• Nitrates Directive (91/676/EEC) - identification of Nitrate Vulnerable Zones to 
control nitrate pollution from diffuse sources 
• Urban Wastewater Treatment Directive (91/271/EEC) - to control urban & 
certain Industrial wastewaters, including treatment standards and nutrient removal 
• Discharge of Dangerous Substances Directive (76/464/EEC) - prevention (List I) 
and control (List II) of emissions at source of identifed substances 
• Bathing Water Quality Directive (76/160IEEC) - identifies standards, including 
bacteriological for bathing waters (coastal and inland) 
• Groundwater Directive (80/68/EC) - prevents and controls List I & II discharges 
to groundwater resources, including disposal of spent agrochemica1s 
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1.3 PoUution and water quality monitoring in the United Kingdom 
In England, Wales and Northern Ireland, European legislation becomes law in the form 
of Regulations and all of the Directives listed in Section 1.1 have now been 
implemented or are in the process of implementation, to improve water quality in this 
country. The Water Framework Directive has translated into The Water Environment 
(Water Framework Directive) (England and Wales) regulations 2003, and is a wide 
ranging overhaul of water quality control which identifies pollution risks, ranging from 
diffuse nutrient pollution, urban runoff and chemical and biological quality, to more 
holistic considerations such as biodiversity, alien species, anthropogenic influences 
(such as flood defence structures) and abstraction pressures. The regime will introduce a 
requirement for extensive monitoring and a programme of measures for each river basin 
(or individual catchment or water body) to address and review the identified risks every 
10 years, in order to meet a required standard (not yet set) for each parameter of 'good 
environmental quality'. Monitoring of watercourses in England and Wales is currently 
carried out by the Environment Agency (Scottish Environment Protection Agency in 
Scotland), in the form of the General Quality Assessment (GQA) as discussed in Section 
2.4. The Agency has identified the following trends (EA Water Quality report, 2003): 
• Biological quality - an indicator of overall 'health' of rivers 
In 2003. 95% of rivers were of good or fair quality. compared with 90% in 1990. In 2003 some 4% 
of rivers were poor and less than 1 % were bad. In 2003, 70% of rivers were of good quality. This 
is a slight improvement on 2002. (Indicator: River biology). Between 1990 and 2003, some 31% of 
rivers (net) improved in biological quality. Most of this improvement occurred in the first five years 
and the improvement since then has been more gradual. In some places. for example in Wales. 
biological quality has deteriorated since 1995. 
• Chemical quality - an indicator of organic pollution in general 
Over 94% of rivers were of good or fair quality in 2003. compared with 85% in 1990. In 2003 over 
5% of rivers were poor and less than 1 % were bad. In 2003. 85% of rivers were of good quality, a 
small decrease from 2002. (Indicator: River chemistry). Overall. some 37% of rivers improved 
(net) between 1990 and 2003. Improvement has now levelled off and there has been a very slight 
decline since 2000. Over the last three years there has been a decline in quality in Southem 
Region. This is due to issues with using new field meters, which have now been resolved. 
Nutrient status· phosphate and nltnte In rivers 
In 2003.53% of rivers had high concentrations of phosphate (greater than 0.1mgll). compared 
with 64% in 1990 (Indicator: River phosphate). In 2003, 27% of rivers had high concentrations of 
nitrate (greater than 30mgll), compared with 32% in 2000 and 30% in 1995 (Indicator: River 
nitrate). 
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• Aesthetic quality of selected rivers 
A selection of sites was surveyed in 2000 that people visit frequently. About two-thirds of 452 sites 
were aesthetically good or fair quality and the rest were poor or bad. 
In summary there has been an improvement in water quality in UK rivers since 1990 
with a slight decline in some areas in the past 3 years. Despite this, sampling budgets are 
reduced periodically to meet reduced Grant in Aid funding, and permissive sampling 
(i.e. taking samples which are not related to enforcement or compliance monitoring) has 
all but disappeared in some areas, unless linked to emergency incidents. The number of 
parameters monitored is slowly being reduced to meet the requirements for monitoring 
any upstream Consent to Discharge issued under the Water Resources Act, 1991, or to 
report (as part of national water quality reporting programmes) the progress in meeting 
UK legal obligations to the European Community. GQA monitoring currently calls for 
all chemistry sampling sites to be sampled 12 times per annum (Environment Agency, 
1997) regardless of local uses or objectives and any additional sampling for operational 
purposes has to be justified according to local priorities. This research aims to address 
the problem of identifying intermittent pollution sources that may not be identified by 
routine GQA monitoring, using continuous monitoring in urban drainage systems. The 
process systematically traces intermittent sources for remediation, with the resultant 
improvement in water quality achieved with substantial savings over traditional 
. permissive sampling investigations. The methodology can be transferred to any major 
conurbation affected by urban runoff and non-visible illegal or intermittent discharges. 
1.4 Hypotheses. 
The aims and objectives of this study into urban runoff problems, with particular 
emphasis on urban drainage in the City of Coventry, arise from the following initial 
hypotheses: 
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A) That occasional spot sampling of the urban watercourses does not give an 
accurate assessment of the chemical water quality and that the use of biological 
sampling does not address the issue of identifying intermittent discharges in an 
inner City environment with culverted watercourses and streams. Furthermore 
that the use of continuous monitors can give an accurate graphical representation 
of the changeable nature of quality and flows in urban watercourses and assist in 
the investigation and removal of polluting intermittent organic discharges in a 
cost effective manner. 
B) That analysis of phosphate concentration will reveal that combined sewer 
overflow (point) sources in an urban area, contribute to the high level of 
phosphate per capita discharged to receiving watercourses. 
C) That analysis of water quality during storm events at multiple sites on a 
continuous basis will reveal hitherto unknown cross connections between surface 
and foul sewers, broken sewers and industrial and commercial eftluents quickly, 
and that removal of these illegal discharges will result in a marked improvement 
in water quality, as identified by routine sampling programmes, for affected 
watercourses. 
1.S Aims and Objectives of this research 
1) To investigate the nature and impact of storm water runoff (specifica1ly from the City 
of Coventry in the River Sherbourne and River Sowe catchments), and identify the 
sewerage systems which can contribute to a marked deterioration in receiving waters 
following storm events. To assess the dry weather pollution load and determine if the 
River Avon will still fail toxicologically based fundamental intermittent standards 
(Crabtree et al 1995) if no action is taken, for oxygen and ammonia concentrations 
regardless of effluent input from Coventry and Rugby Sewage Treatment Plants. 
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2) To investigate the use of multiple probe continuous monitors in urban surface water 
drainage systems and culverted watercourses, and determine whether this method can be 
cost-effective in identifying urban runoff problems arising from urban runoff, combined 
sewer overflows and industrial operations. 
3) To investigate if the identification and removal of point source pollution will change 
the impact of urban drainage on receiving watercourses, by analysis of a number of 
storm events monitored upstream and downstream of the City. 
4) To determine the optimum frequency for sampling or assessing water quality in an 
urban environment. 
5) To identify potential pollution problems remaining in urban runoff in the River 
Sherbourne catchment and consider the implications, if any, for potential future use of the 
watercourse (in terms of recreation, amenity or abstraction), and appropriate water quality 
standards. 
1.6 Areas of Research 
This research will identify some potential sources of pollution and the chemical and 
biological impacts of pollution on receiving watercourses, by reference to published 
literature worldwide (Chapter 2), and also historical data collected by the Environment 
Agency and its predecessors locally in the area studied (Chapter 3). The research will 
build on an investigation into stormwater quality downstream of a major sewage works as 
part of an Urban Pollution Management study (Section 2.5) to detennine potential 
intermittent and illegal pollutant sources contributing to a deterioration of a major urban 
drainage system during wet weather (Section 3.6). To determine every possible pollution 
source in a major City in the United Kingdom is impossible, but this study will determine 
whether the use of continuous monitors could be an efficient means of identifying below 
ground sources in a major surface water drainage network and make the task manageable 
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and worthwhile without having to spend millions of pounds in the process. The Water 
Framework Directive (2000/60IEC) identifies urban runoff as an indicator of 
environmental quality that will eventually have to be addressed for specific waterbodies to 
achieve good environmental status (Sections 2.6 and 3.11). This has been addressed to 
some extent in Coventry as a result of this study, by the use of continuous monitors to 
identify pollution problems associated with urban runoff and intermittent diffuse sources. 
The River Sowe catchment was identified for this research because it is a mixture of open 
and culverted drainage systems which serves all of the drainage from one major City 
(Coventry) before discharging into the Warwickshire Avon, which is not only used for 
recreation and amenity, but forms the focus for tourism-based activity at a number of 
historic towns such as Warwick, Stratford upon Avon, Evesham and Gloucester (Section 
3.1). The receiving watercourse was also subject to annual deoxygenation during the 
summer months following storm events with dissolved oxygen saturation (DO) levels 
falling to near zero, resulting in the death of several thousand coarse fish at a time 
(Section 3.6). Public pressure on improving the water quality of the River Avon and its 
tributaries led to the Coventry Urban Pollution Management study (Section 3.7) which 
investigated the impact of treated and storm sewage flows from the only major sewage 
works serving the City of Coventry, (Coventry (Finham) Sewage treatment Works), 
discharging over 90 mega litres per day of treated sewage (Plus stonn flows) to the lower 
reaches of the River Sowe catchment (Figure 3.1). The River Sowe is therefore a self-
contained river catchment serving only one major conurbation, with an extensive surface 
water sewerage system and known foul sewage overflows, draining to a popular 
watercourse showing signs of deterioration and with regular fish mortality requiring 
emergency re-aeration response every summer. These factors made it an ideal area for 
investigation into urban runoff and this became significantly important when the Urban 
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Pollution Management study identified that drainage from the city itself was a major 
contributor to the deoxygenation problem (Section 3.8). 
1.7 General methodology 
The investigation into suspected pollution problems in the City were divided into 3 
phases as detailed in Section 4.2 and below: 
Phase 1: 
The examination of the impact of unidentified sources of contaminants entering the 
extensive surface water system and culverted streams that would potentially impact 
on the River Sowe and River Sherbourne. The early monitoring runs identified which 
rivers and surface water sewers demonstrated a potential pollution problem and 
progressed to an intensive study of the potential sources of contaminants to elicit their 
removal or remediation, as detailed in Section 4.3.1. This phase would identify for 
remediation, contamination sources impacting between monitoring points on the 
River Sherbourne culvert upstream and downstream of the city centre as identified in 
Phase 2 and 3. 
Phase 2: 
Determination of the impact of six known combined sewer overflows located at 
Albany Road that discharged to the River Sherbourne directly above the culverted 
Section. The Albany Road overflows were not monitored directly due to Health and 
Safety considerations, but the effects of their operation were determined on the River 
Sherbourne at locations situated above and below the consented outfall at Hope 
Street. The initial investigations were used to present a case to the Severn Trent 
Water for removal or remediation of the storm overflows, based on gathered evidence 
of unsatisfactory operation in the form of continuous monitoring data (Chapter 5). 
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Phase 3: 
Following the subsequent removal of the six unsatisfactory overflows from 2) above 
(Section 4.5), and the introduction of a new foul sewer with only one high level storm 
relief overflow (Chapter 6), the identification of any resultant improvements in the 
quality of the River Sherbourne to investigate remaining urban runoff pollutants. 
The River Sowe (which is predominantly open along its length) was found to be 
relatively clean, with no identified intermittent pollutant source other than the culverted 
Hall Brook, which was subsequently studied as part of Phase 1. The River Sherbourne 
was extensively monitored as it is open above and below the city, with a culverted 
stretch within the inner ring road of the city (Section 4.4); it received the etlluent from 
six combined sewer overflows that were suspected by the National Rivers Authority to 
be operating unsatisfactorily. The river received urban runoff directly from the city 
centre road network and pedestrianised shopping areas (Figure 2.2), plus industrial and 
residential surface drainage from an extensive system of culverted watercourses and 
surface water drainage systems, as shown in Figures 3.2 and 4.5. 
Chapters 5, 6 and 7 identify the results of data collection for Phases 1, 2 and 3 
respectively, and Chapter 8 gives a summary in relation to the objectives outlined above, 
and identifies a model for the River Sherbourne, with suggestions for future research. 
1.8 Conclusions 
This chapter has outlined the hypotheses in relation to the investigation and 
improvement of urban runoff environmental impact and stated the aims and objectives 
to be achieved by this study. The Coventry drainage area has presented a number of 
problems relating to diffuse pollution sources (Section 2.1.1), and urban runoff, which 
can be identified in cities across the world (Section 2.2), and the methodology for 
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researching these problems (Section 4.2) could therefore be applied elsewhere; not only 
to increase the already extensive wealth of literature on urban runoff, but also to identify 
and address some of the hidden intermittent pollutant sources, and bring about an 
improvement in water quality. This methodology could be used to investigate urban 
runoff as part of a programme of measures to improve urban water bodies, and bring 
them into good ecological status for the Water Framework Directive (2000/60IEC), as 
discussed in Section 2.6. 
The next chapter embeds the objectives of this research in a review of literature 
identifying the nature and sources of urban runoff, and the contribution and effects of 
local and global airborne and water borne pollutants impacting on an urban watercourse. 
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Chapter 2. Literature Review 
Introduction 
The fact that rivers become polluted as a result of urbanisation has been known for some 
time (Klein, 1962). The impacts of water quality deterioration on human health, 
destruction of natural habitat and biodiversity, and in reducing the volume of usable 
water are visible in many parts of the world. The projected spread of major cities and 
rapid industrialisation in many parts of the world can only make the problem worse if 
measures are not taken in time to adequately deal with waste treatment and pollution 
control in urban areas. Identification of the problem is key to identifying treatment and 
control measures required (Abu-Zeid et aI., 1998). This Chapter will review literature 
sources to investigate the types and sources of pollution in urban environments (Section 
2.1 and 2.2), the potential impact on water quality and ecology (2.3), and the current 
methods of assessment for chemical and biological quality of watercourses in England 
and Wales (Section 2.4). 
2.1 Types and sources of pollution 
2.1.1 Sources of Pollution 
Pollution sources can generally be categorised into two types: point source and non-
point source (Choe et ai, 2002). Point source refers to the polluted emuent from a 
specific point or an extremely small area of land. Examples of point sources are 
domestic or industrial wastewaters, and the route and quantity of such pollution sources, 
when identified, are easily measured or controlled in open watercourses. Current 
practice in the UK is to build separate foul and surface water sewerage systems, so that 
harmful sewage discharges to watercourses would be reduced (Luker and Montague, 
CIRIA report 142, 1994). However, pollution from misconnections, illegal discharges 
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and stonn overflows is still a common cause of pollution incidents reported in urban 
watercourses (Environment Agency, 2003). 
In the River Sherbourne catchment (Figure 3.2), most of the drains and culverted 
streams feeding the watercourse are underground and are therefore hidden. Point sources 
therefore become non-point sources in effect, and identification of specific urban 
drainage problem sources such as unknown foul sewer overflows or intennittent 
polluting discharges is required. Non-point sources can arise when it rains and the 
pollutant is discharged from a wide area so that it cannot be considered to be a point 
source (Choe et al., 2000). As the treatment facilities of point sources expand and water 
quality improvements are identified, the relative importance of the treatment of non-
point sources is increasing. However it is difficult to establish a proper process to 
control non-point sources because the source and the route of effiuent are uncertain and 
the concentration of pollutants released to the environment can be high when it rains 
(Choe et al., 2000). Hypothesis A (Section 1.4) suggests that the use of continuous 
monitors can reduce the size of the potential problem area, and reveal previously 
unidentified impacts as point sources, allowing further investigation and removal, or 
redirection of pollutants to treatment facilities. Urban non-point source pollution is a 
significant contributor to water quality degradation (Brezonik& Stadelmann, 2002), and 
non-point sources resulting from rainfall not only contain a variety of pollutants, but 
may also carry a large pollutant load so that they exert a great influence on receiving 
waters (Whipple and Hunter, 1981; Characklis and Weisner, 1997). Sources of this type 
of pollution include precipitation, soil erosion, accumulation and wash off of 
atmospheric dust and street dirt, fertilisers, pesticides and direct discharge of pollutants 
into storm sewers (Novotny & Olero, 1994). Generally, the polluting nature of storm 
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runoff using discrete sampling has been well studied, with many reports detailing the 
potential cocktail of contaminants present (Ellis 1989; Deletic 1997; Choe et al., 2002). 
2.1.2 Ecological Impacts 
The ecological impacts of urban runoff have been described as physical, chemical or a 
combination of both (Borchardt and Sperling 1997), and much of the work has 
concentrated on highway drainage (perdikaki and Mason, 1999; Sansalone and 
Buchberger 1997; Robien et al 1997; Butler and Clark 1995; Luker and Montague 
1994), Combined Sewer Overflows (Lee et al., 2000; Grum et al 1997;), sediment 
transport and treatment (Mc Neill et al., 1998; Lee et al., 2004; Laxen and Harrison, 
1977) or the presence (or absence) of the so-called frrst flush effect (Saget et al.,1995; 
Lee and Bang, 2000; Forster, 1996; Harrison and Wilson, 1985). Watershed planners 
and environmentalists need to be able to estimate non-point source loads to lakes and 
streams if they are to plan effective management strategies (Brezonik, & Stadelmann, 
2002). This information will include data on single storm events as well as seasonal 
trends, and will consider site-specific drainage components such as Combined Sewer 
Overflows (CSOs), Separated Sewer Overflows (SSOs), as identified in this 
investigation (Chapters 5 and 6), and land use in the area of study. Non-point pollution 
arising from stormwater runoff has been identified as one of the major causes of 
deterioration in the quality of receiving watercourses, and the characteristics of urban 
runoff are more difficult to quantify than those of wastewater (Field et al., 1982; 
Novotny and DIem, 1994; Bang et aI., 1997; Lee and Bang, 2000). The degraded 
character of urban streams results not from one single factor, but from the interaction of 
a variety of detrimental effects, although Extence (1978) found that inert sediments are 
the main cause of poor biological quality (Section 2.4.2) in receiving watercourses. 
Sartor et al (1974) identified that the Internal Federal Water Pollution Control 
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Administration (1969) emphasised a need for more definitive investigations as to the 
source, cause and extent of urban pollutants, the interrelationships and significance of 
the variables, and the development of standard procedures for measuring street surface 
contaminants (IFWPCA, 1969). Their work, covering 12 cities in the United states, 
came to the conclusion that runoff from street surfaces is highly contaminated and that 
the contaminant varied widely according to rainfall intensity, surface properties, particle 
size, antecedent dry periods and the efficiency with which streets were cleaned (Sartor et 
al., 1974). Harremoes, (1981) suggested 3 areas to be considered to counter the effects 
of urban runoff; control at source, improved street cleansing and treatment of runoff. 
The author anticipated that further controls at source would not be possible without 
further knowledge of the pollution effects of specific compounds. 
Multi-faceted investigations are becoming increasingly important m the United 
Kingdom with the proposed re-classification of all European watercourses for the 
implementation of the Water Framework Directive (2000/60IEC). The proposed 
classification process for defmed water bodies within a river basin or catchment will not 
only rely on chemical and biological assessment but also on other perceived risks to the 
river basin, such as morphological change, nutrients, pesticides, alien species and urban 
runoff as discussed in Section 2.6. 
2.1.3 Modelling Water Quality 
As a result of the requirement for a holistic approach to non-point pollution, many water 
quality prediction models have been assessed over the years (Ayherre et al 1998; 
Dempsey et al 1997). Due to the impacts on receiving waters, and the expense involved 
in obtaining monitoring data on non-point source pollution, interest has grown in 
compiling and analysing existing data to develop predictive models for urban 
stormwater loads and concentrations. Such models can help planners and engineers 
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make loading estimates for unmonitored catchments. However the increasing cost of 
maintaining sustainable urban drainage installations, including contaminated sediment 
removal, (possibly as special waste in some areas), suggests that local data, site specific 
conditions, and targeted removal of contaminants still have a part to play in allocation of 
fmite resources. There has been a degree of criticism (Lee and Jones-Lee, 1993) of the 
Environment Protection Agency in the US, for the implementation of a blanket set of 
environmental quality standards (following amendments to the Clean Water Act), based 
on worst-case or near worst-case exposures to available forms of contaminants, for 
controlling stormwater discharges (US EPA, 1990; EPA, 1992). As a result of this there 
have been a number of studies to identify critical source areas whereby potential 
problem sites are identified within an area so that Best Management Practices, including 
the use of detention ponds and Sustainable Drainage Systems (SuDS), can be targeted to 
serve specific problems at a lower cost of construction and maintenance (Bannerman et 
at, 1993; Lee and Jones-Lee, 1993). Perdikaki and Mason, (1999) suggested that where 
treatment of flows prior to sedimentation is not possible, future efforts should 
concentrate on limiting pollutants generated at source. In the United Kingdom a 
recognition of the need to assess actual pollution problems using toxicological data and 
short term exposure limits such as Fundamental Intermittent Standards, (see Section 
2.5.1) has led to the development of the Urban Pollution Management (UPM) procedure 
which was used to investigate the impact of Coventry (Finham) Sewage Treatment 
Works on the River Avon catchment, (Section 3.7) and also was used as the basis for the 
investigation work carried out during this study on the River Sherbourne catchment. 
Estimates of urban stormwater pollutant loads are required to assess the impact of 
stormwater pollution on urban watercourses and to design methods for minimising their 
impacts (Lee and Bang, 2000). Brezonik and Stadelmann (2002) examined relationships 
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between runoff variables, and the characteristics of storms and watersheds, to determine 
runoff volumes, loads and resultant event-mean concentrations (EMCs). Typically, the 
concentration of pollutant in surface runoff is presented as an Event Mean concentration 
(EMC) due to the large fluctuation of pollutant concentrations during a rainfall event. 
EMC is defmed as the pollutant load divided by the total runoff volume and is 
represented as: 
EMC (mg rl) = ~Qi Ci (total load) 
~Qi (total runoff volume) ............ Equation I 
(Where Qi = water volume (I) and Ci = concentration of pollutant mg rl.) 
The most accurate models for EMCs were found when sites were grouped according to 
common land use and size. Lee and Bang (2000) employed this method to compare run 
off from different land uses as discussed in Section 2.2.1. 
When EMCs and runoff volume are available, normalised total mass of pollutants per 
event can be calculated as follows (Lee et al. 2004); 
Normalised mass for storm event = EMC X total runoff volume 
total mass for season ........ Equation 2 
From this a graph of cumulative pollutant load against cumulative runoff volume can be 
made which can be used to determine whether the actual load monitored during a storm 
event exceeds the expected level or not. A positive result indicates the presence of a first 
flush effect (Saget et al., 1995; Sansalone and Buchberger, 1997). 
This sort of data summary and analysis was carried out on a coarse scale for the United 
States (EPA, 1983, Driver & Tasker 1990) and on a finer scale for several metropolitan 
areas and sites in them (Brezonik & Stadelmann, 2002). The EPA (1983) reported that 
the effects of urban runoff on receiving water quality are highly site specific, making it 
difficult to predict impacts, and design appropriate management and control practices, 
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without site-specific data for a particular catchment (EPA, 1983). Brezonik and 
Stadelmann (2002) also concluded that variability from one location to another and from 
storm to storm indicates the need for local data. Urban runoff quality can be influenced 
by specific point discharges unknown to the investigator and the drainage system is 
sometimes, as in the case of Coventry drainage, composed of culverted streams and an 
extensive network of piped connections. A 'general' knowledge of the composition and 
'likely' sources of urban runoff does not assist in the identification and remediation of 
major runoff related problems, as in the River Sowe catchments, and their often 
catastrophic effects on the receiving watercourses (see Section 3.6). The use of 'off the 
shelf water quality modelling packages for an urban catchment (such as the River 
Sherbourne), where there are probably numerous unknown illegal discharges, and the 
probability of many uncharted Combined Sewer Overflows (CSOs) and Separate Sewer 
Overflows (SSOs), would be extremely difficult, and could lead to misleading 
conclusions relating to predicted pollution levels. This was demonstrated in the case of 
the Earlsdon Area Drainage Study, which led to the introduction and design of the six 
unsatisfactory CSOs at Albany Road, Coventry (see Section 3.5). Conversely, the water 
quality model employed in the Coventry (Finham) STW UPM study (Clifforde & 
Williams, 1997) gained valuable site specific data from spot sampling and continuous 
monitoring of the open watercourses and effiuent streams during a number of storm 
events (Section 3.7). 
Although extensive urban runoff modelling began in the 1980s, routine monitoring of 
urban runoff discharges is still in its early stages of development, and little consistency 
or comparability has been achieved among monitoring programmes (Leecaster et al., 
2002). In the 1980s and early 1990s, Severn Trent Water Authority and the National 
Rivers Authority carried out regular monitoring of all public surface water sewers in the 
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Coventry area with outfalls to watercourse in excess of 30Omm. This routine spot 
sampling of urban surface water would be considered too expensive and time consuming 
now as a method of pollution control, with Environment Agency analysis costs (2006) 
for river suite analysis (sanitary determinands) of £35.00 and heavy metal (toxic six) 
analysis of £12.50 per sample, and with limited resources available for monitoring non-
permitted (and therefore non-chargeable) discharges. Automatic sampling equipment 
has to be set prior to storm events and resultant samples removed, which can prove 
heavy work requiring two or three people. Monitoring between storms is not cost 
effective, as automatic sampling equipment has to be cleaned, maintained and refilled, 
and manual sampling incurs costs for transport, salary, training and analysis. Much of 
the previous work reviewed to date (Lee and Bang, 2000; Brezonik and Stadelmann 
(2002); Herrmann et ai, 1994; Characklis and Weisner, 1997; Namdeo et al. J 1999; 
Hares and Ward, 1999) has used discrete sampling on a limited number of storm events, 
whereby samples have been taken at regular intervals from identified locations during 
the duration of a storm. Currently in the UK. there is no regional or national assessment 
of the environmental deterioration caused by road runoff discharged to ground and 
surface waters (Shutes et ai, 1999). The Research carried out for this thesis suggests that 
the regular use of continuous monitors can provide a reliable and cost-effective tool to 
determine actual run off quality and variance from an urban area such as Coventry, into 
an urban watercourse, such as the River Sherbourne culvert. This will be important in 
considering suitable improvement measures for enhancement of the watercourses 
identified as 'at risk' (see Section 2.6) under the Water Framework: Directive 
(2000/60IEC). The technology can also identify, and facilitate the removal of, unknown, 
illegal or unsatisfactory consented storm overflows and misconnected industrial and 
domestic pollutant sources, in otherwise relatively inaccessible drainage systems such as 
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the culverted brooks and extensive surface water systems found in the River Sowe, and 
more specifically, the River Sherbourne catchment areas. 
2.2 Potential Contaminants arising from Urban Runoff 
2.2.1 Soils and land-use. 
Pollution of rivers may occur as a result of natural run off from land, carrying silt, 
manure and vegetable matter into the watercourse on an intermittent basis. Urban 
stormwater runoff significantly increases sediment and nutrient loadings to surface 
waters (Brezonik, & Stadelmann, 2002). Coarse particles will not be carried in 
suspension even in fast river flows, but are transported by rolling along the riverbed by 
the process of saltation (Luker and Montague, 1994). The extent and character of this 
pollution depends on the chemical and physical characteristics of the riverbed and land-
use in the catchment area (Klein 1962). Borchardt and Sperling (1997) developed the 
idea that general land-use and natural physical characteristics were key factors in 
determining pollution levels in considering the combined effects of physical and 
chemical factors, following urbanisation, on environmental impact. They found that 
acute ecological damage could occur on three counts, due to hydraulic (Physical) 
factors, chemical processes (Section 2.3.1), or a combination of both. Hydraulic 
disturbance of river ecosystems occurs when bed shear stress exceeds frequencies and 
levels of natural conditions, and may result in catastrophic drift of benthic communities 
(From Bartlett, 1979). The type of urban land-use plays an important role in determining 
the environmental impact of urbanisation; commercial and industrial areas contribute 
more pollutants than open space, parks and low-density residential land uses (Mulcahy, 
1990), and surface runoff from residential areas and industrial estates is likely to contain 
hazardous materials (Choe et ai, 2002) as discussed further in Section 2.2.3 below. In a 
study examining urban runoff in the Twin Cities Metropolitan Area of Minnesota, 
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(TCMA), Brezonik and Stadelmann (2002) found that pollutant loadings in urban areas 
occurred all year round, but the highest loadings were identified during the summer, 
particularly following long antecedent dry periods, and catchments with even a few 
construction sites were found to be especially large sources of solids and nutrients 
(Section 2.2.3). A previous study of the northern TCMA catchment by Arntson and 
Tomes (1985) found that the most urbanised areas had the highest concentration of 
metals, chloride, dissolved solids and suspended sediment. Rural sites had low 
concentrations of metals but the highest concentrations of many nutrients, with Total 
Phosphate concentrations comparable at rural and urban sites. Urban runoff may contain 
relatively large particles such as pebbles and gravels, which are transported with some 
of the smaller particles such as sand and silt (Laws, 1993). The majority of the 
transported sediment in a stream consists of smaller particles such as sand, silt and clay, 
which can remain suspended in the water column as suspended solids. Fine particles 
may only settle out of suspension as a result of natural coagulation, or after long periods 
of low-energy flow (Luker and Montague, 1994). In some cases a significant amount of 
biological materials, such as leaf litter, may also be present. Excrement and urine 
deposited on roads and pavements can be a significant source of bacteria, viruses, and 
soluble and particulate organic contaminants (Muschack, 1990) with high oxygen 
demands (Section 2.3.1). Dead animals will also contribute to the organic and bacterial 
contaminants discharged into the drainage systems. 
In studies in Cincinnati, Ohio in the United States (Laws, 1993), relative sanitary 
concentrations for solids, COD, BOD and nutrients were determined as given in Table 
2.1. 
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Table 2.1. Reasonable COD, BOD, total N and total P values for urban runoff, raw 
sewage and rainfall (from Laws, 1993). 
Material (mg rl) Urban Runoff RawSew~e Rainfall 
Suspended Solids 227 200 13 
Chemical Oxygen 
111 350 16 Demand (COD) 
Biochemical 
Oxygen Demand 17 200 No data 
(BOD) 
TotalN 3.1 40 1.3 
Total P04 (as P) 0.36 10 0.08 
The results suggest that Suspended Solids and BOD may be much higher in runoff than 
in some treated sewage, for example Coventry treated sewage etlluent, which has 
imposed consent limits, (rarely exceeded), of 15 mg rl BOD, 20 mg rl Suspended 
Solids and 3 mg rl Ammonium (as N). Hvitved-Jacobsen et al. (1986), identified that 
99% of Total P and 85-90% of nitrogen nutrient loadings in runoff can be removed in 
the sediment, with provision of effective treatment (settlement) facilities. Another 
American study in Wisconsin (Bannennan et aI., 1993) studied the impact of various 
land uses by sampling runoff from a variety of surfaces using specially implanted 
sampling cans in lawns, parking areas, highways and roofed areas. Using simulated 
rainfall volumes and mean concentration values, (often from combining different 
samples as composites for the same land use), they detennined that streets were a 
critical source of pollutants for every land use, and that most of the solids runoff comes 
from industrial parking areas. Industrial roofmg proved most critical for Total Zn 
concentration and lawned areas were identified as critical sources for phosphates. 
Pollutant values for the different land uses were summarised in Table 2.2. 
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Table 2.2 - Geometric mean Concentrations of Contaminants in runoff from 
source areas and storm sewer outfalls (adapted from Bannerman et aL, 1993) 
Contaminant Collector Lawns Driveways Roofs Parking SWS 
streets lots Outfall 
Residential Source Areas 
Total Solids (mg rl) 493 600 306 91 NI 369 
Suspended Solids (mg rl) 326 397 173 27 NI 262 
Total P (mg }"I) 1.07 2.67 1.16 0.15 NI 0.66 
Total Cd (Ilg rl) 1.4 - 0.5 - NI 0.4 
Total Cr (Ilg rl) 12 - 2 - NI 5 
Total Cu (Ilg rl) 56 13 17 15 NI 16 
Dissolved Cu ~Ilg rl) 24 6 9 10 NI 5 
Total Pb (Ilg I· ) 55 - 17 21 NI 32 
Total Zn (Ilg rl) 339 59 107 149 NI 203 
Commercial Source Areas 
Total Solids (mg rl) Values NI NI 112 127 Values 
Suspended Solids (mg rl) Shared t NI NI 15 58 Shared t 
Total P (mg rl) with NI NI 0.2 0.19 with 
Total Cd (Ilg rl) residential NI NI - 0.6 residential 
Total Cr (Ilg rl) NI NI - 5 
Total Cu (Ilg rl) NI NI 9 15 
Dissolved Cu ~Ilg rl) NI NI 6 9 
Total Pb (Ilg r ) NI NI 9 22 
Total Zn (Ilg rl) NI NI 330 178 
Industrial Source Areas 
Total Solids (me rl) 958 Values NI 78 531 267 
Suspended Solids (mg rl) 763 Shared t NI 41 312 146 
Total P (mg rl) 1.5 With NI 0.11 0.39 0.34 
Total Cd (Ilg }"I) 3.3 commercial NI - 1 1 
Total Cr (Ilg rl?, 15 NI - 12 6 
Total Cu (Ilg r ) 76 NI 6 41 28 
Dissolved Cu ~Ilg rl) 18 NI - 15 10 
Total Pb (Ilg r ) 86 NI 8 38 25 
Total Zn (Ilg rl) 479 NI 1155 304 265 
(Key: NI = not in land use) 
In a study assessing land use and characterisation of urban 8tonnwater runoff in Korea, 
Lee et al. (2000), sampled 34 stonn events at nine sites with different land uses 
(residential and industrial), giving a set of ranges for event mean concentrations, as 
shown in Table 2.3. 
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Table 2.3 Event Mean Concentration Values from a study of residential and 
industrial areas in Korea (from Lee and Ban~, 2000) 
Parameter Residential Areas Industrial Areas 
minimum maximum minimum maximum 
BOD 12 254 No data 6324 
COD 21 1455 10 810 
Suspended Solids 13 2796 3 530 
Nitrates O.oI 35.2 0.01 5.43 
Phosphates (total) 2.4 22.4 0.1 10.1 
Pb 0.002 0.89 0.004 0.891 
Iron 0.1 22.9 no data no data 
All values in mg rl 
They found that the relative magnitude of pollutant loadings from high to low was: 
Choe et al., (2002) also found that the concentrations of such pollutants are related to 
the land use, the type of catchment and the rainfall conditions, and that surface runoff 
generated in residential and industrial zones in urban areas, is highly likely to contain 
hazardous materials. They identified that the concentrations of most pollutants in surface 
runoff increased with increased runoff flow rate at an early stage of rainfall and that 
peak pollutant concentrations were reached prior to peak runoff flowrate at most 
sampling sites. Their results are shown in fig 2.1. 
Figure 2.1; Typical characteristics of urban runoff in a study of residential single 
family zone 22/11199 (adapted from Choe et al., 2002) 
c i I 
J 0.10 II ! 8 \ ,-
.: 
O~ (' 
0.00 
o 
1lOO 
11XXl 
m 
'li. 
IIXl E 
~ 
400 
200 
0.3) 
0.15 
oS; 
! 010 
E 
0 
0.00 
0 20 40 
18 
~" - T»j -- 11' 1. 
12 
~ 
10 'li. 
E 
8 ~ .".-----". __ 1 ... -- e 
J-"'-------- • '. _ ....... .. .-... ................. , .. 2 
0 
~ ~ 100 
TlTIII(rrt1) 
10 
25 
This phenomenon is reported to be more important when the watershed is small (less 
than 100 hectares) and contains mostly impervious surfaces (Lee and Bang, 2000) and is 
explained by the fact that the local surface runoff of the pollutant stored on the road 
surface or in the drainage system precedes the main runoff flow. Two peaks of 
suspended sediments may be observed, as the detritus lodged in the drainage system is 
removed first, followed by material from the road surface itself (Luker and Montague, 
1994). 
Using 4 datasets collected over two wet seasons in California, Lee et ai., (2004) found 
that the concentrations of pollutants were up to 20 times higher at the start of the wet 
season compared to later investigations, and that mass emissions rates were similarly 
increased. There is however an alternate view (Deletic, 1998; Saget et ai., 1995; Lee et 
al., 2004) that because of the even distribution of street dusts, and the continued washoff 
of the sediment throughout a storm event, a first flush effect is not always demonstrated 
when sampling road runoff. Indeed the scale of the first flush effect (or the duration of 
data collection attributed to this phenomenon) is, in itself, a matter for discussion. 
Deletic (1998) considered that any strong first flush effect at the end of a piped system 
was not likely to be caused by a first flush of pollutant to the system from the 
surrounding area, but rather, that it may be caused by pollutant transformations and 
transport processes actually in the drainage system. This conclusion was drawn from 
studying runoff in two similar asphalt covered urban catchments. It was found (Deletic, 
1998) that at the Miljakovac catchment (Yugoslavia), fIrst flush events were more likely 
to happen during large storm events, and when available surface deposition was small. 
At the Lund catchment (Sweden), which is subject to additional inflow from grassland, 
the event maximum rainfall intensity and the timing of this relative to the start of the 
event, were the most crucial parameters for the first flush of suspended solids (Deletic, 
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1998). Deletic (1998) went further to suggest that the first flush effect may be site 
specific and complex, and that it could not be calculated or modelled with a universal set 
of climate, rainfall and runoff characteristics. Bellinger et a/., (1982) reported that the 
first flush effect was a function of variables, such as the pattern of rainfall, the travel 
time and the distribution of solid material over the catchment. Novotny and Olem (1994) 
identified that the extent and nature of watercourse pollution during wet weather is 
related to technical control measures such as storage, Combined Sewer overflows and 
separators in urban drainage systems. This effect is important in considering the results 
obtained from the use of continuous monitors to identify intermittent or storm related 
discharges in the culverted watercourses and surface water sewers of Coventry (see 
Chapter 5). 
Lee et a/., (2004), found very little rain during the summer in California (other than rare 
tropical storms) and evidence of seasonal first flush during the winter/ spring seasons. 
Results for TOC, Specific Conductivity, Zn and Total Suspended solids were 
approximately 5.5, 4, 2.5 and 1.5 times higher respectively during the first part of the 
wet season following the long antecedent period, than at the end. The length of the 
antecedent dry period is significant for different contaminants in different ways; Soluble 
pollutants deposited by traffic (Section 2.2.3) or atmospheric fallout (Section 2.2.2) will 
collect approximately in relation to the length of time since the last rainfall event. Those 
contaminants deposited by irregular events, such as spillages, and road salt distribution, 
may, or may not, form a major component of fU'St flush runoff (Luker and Montague, 
1994). Insoluble and adsorbed materials (Section 2.2.3i) may collect until there is a 
storm of sufficient intensity to remove them (Harrison and Wilson, 1985), and the 
antecedent period may refer to the period since the last rainfall of sufficient intensity to 
remove them (Luker and Montague, 1994). 
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Lee et al., (2004) found that in the results of a study by Los Angeles County Department 
of Public works (www.ladpw.orglwmdINPDES/report_directory.cfm).using data from 
24 events over 2 wet seasons, the concentrations measured for total heavy metals were 
higher than basic water quality sanitary determinands, and that results for Total Cu, 
Total Al and Total Zn were 22, 18 and 13 times higher at the start of the wet season, 
gradually decreasing with further monitoring during winter and spring. In all they found 
less than 10% of the rainfall gave rise to the greatest concentrations of pollutants and 
that the concentration of pollutants measured during the first storm of the wet season 
was 4.6 times greater than the concentrations measured for the last storm of the season. 
Saget et al., 1995 suggested that first flush is defmed as occurring when at least 80% of 
the pollutant load is delivered in the first 30% of runoff volume. Strecker et ai., (1990) 
suggest that the first 10% of the total discharge will be more highly polluted than the 
remaining 90% of runoff. Others suggest 25% runoff volume (Vorreiter and Hickey, 
1994) or conclude that if a mass cumulative curve is plotted for an event that exceeds 
the cumulative runoff volume curve; a fIrst flush effect has been demonstrated 
(Sansalone and Buchberger, 1997). In a study analysing 117 events from 7 combined 
sewers in France, Saget et al. (1995) concluded that the first flush did not exist, as the 
strict defmition used in the study was not met during the monitoring period, whereas 
Gupta and Saul (1996) concluded that a first flush effect regularly occurs in many 
combined systems. It would appear that the local conditions greatly influence the 
likelihood, size and longevity of a fIrst flush effect, where present, and that the 
measurement programme employed can easily influence the results if storm events are 
missed or not represented adequately by the collected samples. One possible reason for 
inconsistency of the results could be the poor quality of data. In both cases cited, data 
collection during one event was not frequent enough to correctly monitor short, intense 
28 
! 
summer storms, which can last only 20 minutes yet be so intense that they include some 
very polluted water (Deletic, 1998). Early flows may have been missed, particularly if 
sampling was triggered by flow regimes. The short duration, high intensity type of 
rainfall event typical of the UK in summer is probably the most detrimental form of 
storm with respect to pollution levels, because of the abrasive nature of the high 
intensity rain, and the limited volume of water that falls. A high percentage of pollutants 
are mobilised very quickly forming a concentrated effluent at the start of the rainfall 
event (Luker and Montague, 1994). This was demonstrated in the results of monitoring 
Coventry rainfall events during Phases 1,2 and 3, as discussed in Chapters 5, 6 and 7. 
Klein (1979) studied 27 watersheds to determine the relationship between stream quality 
and the extent of urbanisation. Using biological data as an indicator of water quality, it 
was identified that deterioration in an urban watercourse was dependant on the level of 
imperviousness in the surrounding area. The first evidence of impact from urban runoff 
was present at more than 12% imperviousness, but did not become severe until greater 
than 30%. Stream quality impairment could be therefore prevented if imperviousness 
was kept at below 15%, and that for more sensitive streams imperviousness should not 
exceed 10%. The Urban Design Study of 1999 (Coventry, 1999) identifies that the area 
draining to the Urban River Sherbourne catchment is above 50% within the ring road 
boundary of the city centre (Figure 3.7) and the results of the routine biological 
monitoring carried out by the Environment Agency at Charterhouse, as shown in Table 
3.1 reflect this theory, with poor results identified. Part of the impact on the River 
Sherbourne may be due to the fact that as imperviousness increases, the base flow 
arising from groundwater sources generally decreases (Klein, 1979). A recent reduction 
in the use of groundwater abstraction sources by industry in the city, may counter this 
deficit. 
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2.2.2 Air Pollution 
Airborne particulate matter is one of the most obvious fonns of atmospheric pollution, 
whether it comes from a chimney or diesel exhaust pipe (Quality of Urban Air Group, 
1993). Rainwater can add its own adsorbed and dissolved pollutants to the loads 
generated by other sources, particularly by scavenging particulate matter (Zinder et al., 
1988; Luker and Montague, 1994). The airborne or settled contaminants particles can be 
transported to watercourses following precipitation, as discussed below. Lead in the 
atmosphere is present in particulate fonn, as are other metals such as Cd, Ni and Cr. 
Many organic compounds such as polynuclear aromatic hydrocarbons and dioxins are 
also found as airborne particles. From a public health perspective, these particles are 
controlled to prevent hann to human health as they can irritate the eyes, nose and throat, 
whilst smaller particulates can penetrate the lungs, obstructing air sacs and becoming 
absorbed into the blood stream (NSCA, 1999). In terms of air quality and health, the 
following pollutants are considered important by DEFRA as identified in the Air Quality 
Strategy for England, Scotland, Wales and Northern Ireland (HMSO, 2000): Nitrogen 
and sulphur compounds, carbon monoxide, particulate matter, oxidants, metals and 
organic compounds, such as Benzene and 1,3-Butadiene. All of these chemicals can be 
considered potential sources for street dusts (Figure 2.2), as they may become available 
to local drainage systems by deposition or from being washed out by precipitation. They 
are therefore potential sources of pollution in urban drainage systems, which may be 
detected in analysis of water quality or sediments. Coventry has a centrally located 
incinerator plant, with emissions controlled under the Pollution Prevention and Control 
(England and Wales) Regulations (2000 SI 2000/1973), as required by the Integrated 
Pollution Prevention and Control Directive (lPPC 96/61IEC). This may impact directly 
on the composition of street dusts (Section 2.2.3), and the quality of urban runoff from 
street surfaces in the city. Recent results for emissions from this plant are given in 
Chapter 3. 
Air particles arise in 3 forms or modes (Quality of Urban Air Group, 1993): 
a) Nucleation Mode These particles are < O.2J.1m in diameter and are transient in that 
they fonn larger particles. They arise from combustion processes 
such as from incinerators smelters etc 
b) Accumulation Mode These particles are 0.2 - 2J.1m in diameter and are fonned by 
coagulation of nucleation mode or condensation of vapours. They 
are the most stable and long-lived matter lasting 7 - 30 days in the 
atmosphere. They are not efficiently removed by gravitational 
settling, scavenging by rain, or any other mechanism. 
c) Coarse Mode These are the largest particles (>2~ diameter), and are fonned by 
mechanical attrition (e.g. soil dust, industrial dusts and sea spray). 
They have high settling speeds and therefore spend only a short time 
in the atmosphere before deposition onto roofs, roads and paved 
areas. These contaminants are easily transported to the surface water 
sewerage system and the receiving watercourses. 
It is generally the smaller Nucleation Mode particles «O.2J1m), produced during high 
temperature combustion, that pass through emission controls and escape to the 
atmosphere, their small size allowing maximum transport from the source. Coagulation 
of these fme particles, or condensation of vapours, gives rise to larger particles in the 
Accumulation mode which are more likely to be transported to drainage systems during 
precipitation, or coagulate further to be deposited on roofs and street surfaces. Volatile 
metals, especially those that form oxides (such as Cd, Pb and Zn) with boiling points at 
or below 1500°C, are vaporised during high temperature combustion processes such as 
incineration (Kaakinen et al., 1975). They then condense onto the surfaces of ambient 
particles (Farmer and Linton, 1984), which may be transported with other suspended 
solids after deposition (Figure 2.2), becoming readily bioavailable under certain 
environmental conditions (low pH, as in acid rainfall) or dissolving in surface runoff 
(Farmer and Linton, 1984). This process of metal absorption is generally size dependant 
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as smaller particle condensation nuclei have a larger surface area to volume ratio 
(Demuynk et al., 1976). Dry atmospheric fallout can be responsible for large 
proportions of street dusts (Section 2.2.3) (Luker and Montague, 1994). Bellinger et 
al.,(1982) have reported a study in Chicago where 70% of street dusts were attributed to 
atmospheric fallout, and Hedley and Lockley (1975) quote Figures of 116 tonnes km-2 
per annum of street dusts arising from atmospheric sources. 
A study in Leeds in 1982/3 by Clarke et al (1984) found that the main components of 
airborne particulates for an urban area are derived from the following sources: 
• Soil-derived minerals due to re-suspension 
• Elemental carbon from combustion processes 
• Organic compounds (mainly partially or unburned combustion products) 
• Ammonium salts from ammonia neutralisation of airborne acids 
• Calcium sulphate from building materials, rocks and soils 
• Sulphates from oxidation of S(h 
• Nitrates from oxidation of NO x 
Pollutants that are emitted directly into the atmosphere are known as primary pollutants 
(QUality of Urban Air Group, 1993). Others are formed in the air as a result ofchemica1 
reactions with other pollutants and atmospheric gases, and are known as secondary 
pollutants. CO and S(h are primary pollutants and ozone is a secondary pollutant. N(h 
can be both primary and secondary in that some N02 is emitted directly from power 
stations, incinerators and vehicle exhausts and some is formed from the oxidation of 
nitric oxide in the air. Sulphur Dioxide and smoke are the most widely measured 
pollutants and are still significant pollutants in urban areas, with the role and importance 
of acid aerosols being increasingly debated. Sulphur dioxide can be found naturally in 
the atmosphere as a result of volcanic activity however in the United Kingdom its 
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concentrations arise principally as a result of the combustion of fossil fuels. Coal, oil 
and gas all contain greater or lesser amounts of sulphur and therefore all produce S~ 
when burnt. Vehicles are not a significant source of S02 emissions since the sulphur 
content of petrol is small (0.04% by mass). Diesel however can contain larger amounts 
of sulphur (up to 0.2% by mass), which results in S02 emissions from diesel engined 
vehicles. Air pollution in industrialised areas such as Coventry can therefore result in the 
formation of acid rain, which is a dilute mix of sulphuric and nitric acid. Studies in 
Sweden (Morrison et al., 1988) have recorded rainfall pH of between 3.8 and 4.9, and 
similar acid levels have been recorded in Scotland (Luker and Montague, 1994). In 
Britain more benign rainfall pH values (5.5-7.5) are experienced, though the impact on 
urban runoff may still be evident with pH levels in watercourses in Coventry reduced 
during rainfall events, as described in Chapters 5, 6 and 7. 
Sources of heavy metals in the environment are either natural or anthropogenic, though in 
industrialised countries, and urban areas especially, anthropogenic sources make the 
predominant contribution to measured concentrations of most atmospheric trace metals 
(Demuynk et al., 1976). Heavy metals occur in the atmosphere mainly in particulate form, 
originating from the mixing of fmely divided materials from various sources. In many 
cases concentrations are at the limit of detection, and particulate analysis does not 
differentiate between the forms in which the metals are present. Consequently, our 
understanding of the speciation of metals in the atmosphere is still incomplete (Quality of 
Urban Air Group, 1993). 
The common sources of some metal-bearing particulates are given in Table 2.4. Although 
air quality monitoring has increased in recent years both in terms of the number of 
pollutants monitored and the number of sites (HMSO, 2000), coverage of urban areas is 
still limited. Atmospheric particulates washed from the air by rain or deposited after 
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time will eventually fonn street dusts and be washed off buildings, roads, pavements 
and roofs to become incorporated into stonnwater runoff (Sections 2.2.3 and 2.2.4). 
Table 2.4 The common sources of some metal-bearing particulates (Quality of Urban 
Air Group, 1993) 
Metal Common Source Identified 
Ni Oil and coal burning. Occurs as Ni sulphate in fly-ash or nickel oxide 
Cd smelting of non-ferrous metals (CU, Ni and Zn). Fossil fuel combustion 
Waste incineration also produces a significant proportion 
Cr iron! steel production and burning coal. Natural dusts (wind blown). Occurs mostly in 
the trivalent form, which is insoluble and not highly toxic. The hexavalent form is 
soluble, very toxic and carcinogenic. 
Cu&Zn burning fossil fuels and smelting. Tyre wear is a source of Zn & Cd. 
Pb Petrol combustion. Reduced with introduction of lead free petrol. Also production of 
ferrous and non-ferrous metals, fossil fuel combustion and waste incineration 
producing significant proportions of present total. 
2.2.3 Traffic sources, street dusts and river sediments. 
Road runoff contains a mixture of toxicants that are discharged, mostly untreated, into 
receiving waters. Typical pollutants include total SS, BOD, COD, heavy metals, 
hydrocarbons and bacteria of animal origin (Hvited-Jacobsen and Y ousef, 1991). Urban 
or anthropogenic elements arise mostly from traffic, building construction and 
renovation, and the weathering and corrosion of building materials (Zobrist et al., 2000; 
Charlesworth & Lees, 1997; Fergusson, 1990). 
i) Vehicular Emissions 
Road transport is an integral part of modem life (NSCA, 1999) and over 29 million 
vehicles, of which 24 million are private cars, are licensed to use UK. roads 
(www.ace.mmu.ac.uk).This figure is likely to grow by 1.6% per year between 2000 and 
2010 (Sunday Herald, 18 July 2004). Traffic causes local pollution problems filling 
streets with fumes and noise, and emissions from road vehicles causes pollution over 
vast areas of the country, even in rural areas, giving rise to 22% of total UK. emissions 
of carbon dioxide (C02) (NSCA, 2006). 
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In the late 1960s in America alone, 90 million motor vehicles annually emitted 66 
million tons of carhon monoxide, 1 million tons of sulphur oxides, 12 million tons of 
hydrocarbons and 6 million tons of nitrogen oxides, along with particulate matter and 
tetra-ethyl Ph (Ehrlich et ai, 1972). Petrol is the major fuel type used for cars and light 
vans, with diesel making up 14% of the total (2001) and other fuel sources making up 
the remaining 1% (www.ace.mmu.ac.uk). The widespread use of Ph-free fuel in the 
1980s and the introduction of catalytic converters in the 1990s have since led to a 
dramatic reduction in emissions of nitrogen oxides, as well as other harmful 
pollutants. Since January 1993, all new cars sold in the European Union have been 
fitted with a catalytic converter in accordance with EC Directive 9114411EEC, and 
with increased use of Ph-free fuels, atmospheric Ph concentrations in the United 
Kingdom fell hy 77% between 1976 and 1989 (Quality of Urban Air Group, 1993). 
The type and concentrations of pollutants in vehicle emissions relies on a number of 
factors, (Quality of Urban Air Group, 1993): 
• Fuel used 
• Engine design! maintenance 
• Pollution control technology 
• Driver hehavioW' 
• Traffic conditions e.g. number of pedestrian crossings, traffic jams 
• Vehicle speeds and stop-start manoeuvres 
• The number and mileage (age) of different kinds of vehicles 
Since 1990 all new cars can use unleaded petrol, which is essential for vehicles fitted 
with the catalytic converters required to meet the current limits (Road Vehicles 
(Construction and Use) Regulations 1986) required for HC, NOx and carbon monoxide. 
The 'lean hum' engine bums cleaner than previous designs and is more fuel-efficient 
than engines fitted with catalytic converters (NSCA, 1999), however they are only just 
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beginning to meet EU emission standards (EC Directive 91/441IEEC). High speed 
motoring increases NOx emissions and stop-start driving increases hydrocarbon 
emissions. In cities and towns, stationary vehicles at junctions and pedestrian crossings 
cause unnecessary additional pollution (Charlesworth et al., 2003) and some European 
cities require that engines are turned off whilst waiting at traffic lights. Diesel fuel 
contains no Pb but diesel engines are a source of particulate matter and it is difficult to 
control emissions from diesel engines, once they are on the road. 
Studies from the Transport Research Laboratory (Mackie & Davies, 1981) have shown a 
strong link between the number of nuisance reports about dust and dirt, and the number 
of lorries and changes of volume in total traffic flow. Road schemes that reduced traffic 
volume by 60%, on average, were found to reduce the number of people bothered by 
(Le. reporting nuisance from) dust and dirt at home by half, from 56% to 28%. In one 
case the percentage of people bothered by dirt and dust was reduced from 55% to 16% 
following implementation of a scheme that reduced lorry traffic, but not the total traffic 
flow. This result is likely to relate to the more smoky and odorous nature of emissions 
from vehicles with diesel engines, which accounted for nearly 10% of vehicles in 
Europe at that time (www.engineeringtalk.com).Inanothercase.anincrease in traffic 
by 16% almost doubled the number of people bothered by dust and dirt from 33% to 
63% (Mackie & Davies, 1981). 
Dust and dirt from traffic will include direct exhaust emissions of particulates (mainly 
from diesels) and dust resuspended from the road by passing traffic. The resuspended 
material will include local soil material, products of vehicle wear (rust, tyre rubber etc) 
and de-icing salt in the winter months, and consist of coarse particles that settle quickly 
leaving fme particles suspended in the air (Namdeo et al., 1999). 
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iil Soiling on Roads 
Vehicular emissions probably have the greatest impact on the levels of pollutants at 
ground level (Urban Air Group, 1993), although industrial and domestic activities also 
contribute to atmospheric particulate fallout. A City Centre location, adjacent to housing 
and industry, will provide a complex mixture of sources (Charlesworth & Lees, 1997). 
A study in London (Moorcroft and Laxen, 1990) has shown that soiling levels alongside 
busy roads are on average double those measured away from the road on adjacent land, 
with up to 40% of solids dispersed within an area of up to 5 metres away (Colwill et al., 
1984). Turbulence from vehicle movements can mobilise and transport particles into the 
air, or conversely induce deposition, dependant upon their size grading. Dauber et al., 
(1979), Harrison and Wilson (1985), and Herrmann et al., (1994), showed that runoff 
from highways contains high levels of heavy metals, particularly in particulate form, 
suspended matter and hydrocarbons. Factors affecting the volume and nature street dusts 
and their potential for contaminating runoff of are discussed in 2.2.3iii) and 2.2.3iv). 
iii) Dean metal sources 
Metals can exist in many forms; they can be attached to inert sediments,. be contained in 
immiscible fluids, occurring as particles, soluble salts or insoluble compounds, and in 
organic, inorganic or complex forms, dependent on the prevailing redox and pH 
conditions (Luker and Montague, 1994). With the exception of the synthetic elements 
and nuclides produced by nuclear installations (e.g. Pu & 6OCO), all 'pollutant' metals 
are naturally present in the aquatic environment, although it is increased concentrations 
that present a threat to biota (Harrison, 1992). The term 'heavy metals' is an imprecise 
description that generally applies to metallic elements with an atomic weight greater 
than 40, but exclude alkaline earth metals, alkali metals, lanthanides and actinides (Rand 
et al., 1995), although defmitions relating to atomic number, toxicological properties 
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and specific gravity have all been cited (Duffus, 2002). The most important metals, from 
the point of view of monitoring water pollution, are C~ Ni, Zn, Cu, Pb, Hg, and Cr 
(Environment Agency, 2000). Aluminium becomes important as a potential toxic metal 
in acid, and sometimes alkaline, waters. The likely sources of heavy metals in urban 
runoffare summarised in Table 2.5; 
Table 2.5 Likely Sources of heavy metals in urban runoff 
(Alloway and Ayres, 1997) 
Metal Likely Sources 
Cd Batteries, pigments and paints, plastics, printing and graphics, waste, wear 
of car tyres, corrosion of metals e.g. car bodies, fossil fuel combustion, 
medical uses, metallurgical industries 
Ni Batteries, metallurgical industries 
Zn Wear of car tyres, corrosion of metals e.g. car bodies, fossil fuel 
combustion, electronics, batteries, pigments and paints, plastics, printing 
and graphics, medical uses, waste, metallurgical industries. 
eu Electronics, waste, metallurgical industries 
Pb Fossil fuel combustion, e.g. petrol, batteries, pigments and paints, plastics, 
printing and graphics, medical uses, metallurgical industries. 
Quite apart from industrial sources, domestic wastewaters contain substantial quantities 
of heavy metals, because water has had prolonged contact with Cll, Zn or Pb pipework 
or tanks. Some forms of intensive agriculture can also give rise to specific metals, for 
example, Cu in pig feeds (Mance, 1987). Levels of soluble metals will tend to be 
highest, and toxicity thresholds lower (Table 2.10) in soft water areas, such as Scotland 
and the North-West of England, whereas the opposite applies for central, southern and 
eastern England (Luker and Montague, 1994). 
Heavy metals in street dusts (Section 2.2.3iv) arise mainly from exhaust emissions, 
lubrication losses, and degradation of vehicle tyres, vehicle bodies, brake linings and 
motorway surfaces, and the use of de-icing compounds, and the contribution of metal 
corrosion to the Zn and Cd load in street dust is of great significance (De Miguel et aI., 
1997). Corrosion of galvanised-metal structures can be responsible for concentrations of 
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up to 1.2% of Zn and 12ppm of Cd in the street dust around buildings undergoing 
renovation. (Cd, as an impurity of Zn, is found in significant amounts in galvanised 
metals). Even higher amounts 4.4% of Zn and 20ppm of Cd were found in the dust 
collected from under the metal ledges and balconies of old buildings (De Miguel et al., 
1997). Other heavy metals arise from such processes as the release of Cd and Ni from 
the combustion of fossil fuel, Cd release from weathered paint and pigment and Cu from 
the weathering and flaking of paints and pigments (Fergusson, 1990). As a result, urban 
pavement drainage often contains significant quantities of anthropogenic metal 
elements, including Cd, Cu, Pb and Zn. Morrison et aI., (1988) showed that developing 
anoxic conditions in gully pot traps could alter the Eh/pH environment enough to release 
bonded particulate metals into solution. 
The origin of those elements associated with traffic (excluding Pb) lies primarily in the 
compounds used as additives in lubricating oils and diesel fuels, and in the metal wear 
caused by oxidation of lubricants. The influence of traffic on street dust and sediment 
composition is characterised by the presence of Zn and Ba, and to a lesser extent by Cu 
and Pb (De Miguel et al., 1997). The presence of Zn and Ba were highly correlated 
(pearson coefficient 0.973) in this case study, and both could be traced back to vehicles 
as a source (De Miguel et al., 1997). Barium is used in detergents and dispersants, and 
oxidation and corrosion inhibitors in lubricating oils, for diesel and other combustion 
engines. Similarly Zn compounds have been used extensively as antioxidants and 
detergents for lubricating oils, and concentrations found in highway runoff are often 
associated with oil spills (Ellis and Revitt, 1982). Zinc and Cd are associated with the 
use, wear and disposal of various products such as vehicle tyres (WRc, 1993), and are 
examples of consumption related rather than process related or natural sources (Brown 
et al., 1990; Macklin 1992). Oxidation of lubricating oils (exposure to air at high 
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temperatures) in a vehicle engine results in the formation of acids, alcohols and ketones, 
which are corrosive to metal. This causes wear of those metal parts, (mainly made from 
Zn, Cu and Cd bearing alloys) which come into contact with the oil (Drew, 1975). This 
process of wear and tear results ultimately in the release of those metals to the urban 
environment and their accumulation in street dust. Ni is resistant to corrosion (Street and 
Alexander, 1994) and therefore has widespread use from the production of office 
furniture, to the protection of motor vehicle bodies. It is however released to the 
environment during the wear of sinterised materials used in car oil pumps along with Cu 
and Mo (De Miguel et al. 1997). 
Although Cu seems to accumulate from more than one source, (for example from roof 
drains, as discussed in Section 2.2.4), the high concentrations of Cu collected near to 
busy roads, and the high correlation found by De Miguel et al. (1997), between Pb and 
Cu in the street dust of Madrid (Pearson correlation coefficient 0.947) suggests that 
corrosion has a special significance for its dispersal (De Miguel et al., 1997). They also 
found that the ratio of mean Pb concentration in the street dust of Oslo to that of Madrid 
(l: 10), is almost identical to the ratio of the average Pb content of the petrol burned in 
both cities at the time of the study. This supports the idea that the gradual shift from 
leaded to unleaded fuel usage has resulted in a significant, and almost proportional, 
reduction in the concentration of Pb in dust particles under 100J.1m in urban 
environments. The addition of tetraethyl lead (TEL) to fuel was the main source ofPb in 
the environment until the widespread use of Pb-free fuels began in the 1980s, and Pb 
concentrations in the atmosphere fell by 77% between 1976 and 1989 due to initiatives 
to reduce the Pb content of petrol (Quality of Urban Air Group, 1993). The replacements 
for alkyl Pb in unleaded fuels are Oletins and MTBE. The combustion products of these 
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additives are gaseous, rather than particulate, and should not therefore contribute to 
highway runoff (Luker and Montague, 1994). 
A number of factors have been reported that may influence metal concentrations in 
sediments from highway runoff, such as traffic density (Van Hassel et ai., 1980, Hares 
and Ward, 1999), the nature of intervening terrestrial vegetation (Laxen and Harrison, 
1977), stream velocity and sediment composition (Murde and Ney, 1986) and physical 
mobilisation during high winter flows (Benes et ai., 1985). 
Hares and Ward (1999) compared two sites draining the M25 London orbital motorway 
and Yousef et ai, (1984) studied the composition of runoff from the Interstate 4 (14) 
Highway in Orlando Florida. Hares and Ward (1999) found a higher level for some 
heavy metals, such as Pb, Cd, Cu, Zn, and Ni. These contaminant levels were not 
consistent with typical storm water concentrations found in the earlier American study. 
The storm water content for Cd (arising predominantly from tyre wear) and Cu from 
brake linings were higher at 14.1 Jlg rl and 274 Jlg rl respectively, than those identified 
by Yousef et ai. (1984), as 52 Jlg rl and 5 Jlg rl. The main difference between the 
studies is that the London orbital M25 motorway has a higher daily traffic density of 
140,000 vehicles a day, whereas the Interstate 4 highway in Orlando, Florida studied by 
Yousef et ai. (1984), carries 55,000 vehicles a day. The Pb content of the runoff from 
the M25 in 1999 was lower than the Y ousef et aI., 1984 findings, which probably reflect 
a reduction in the use of tetra-methyl lead (TML) and tetra-ethyllead (TEL) additives in 
fuel since 1984, as discussed above, rather than an indication of traffic density effects. 
Ellis and Revitt (1982) analysed the data compiled by a large number of authors and 
suggested that many papers do not identifY a relationship between heavy metal loadings 
and traffic density as expected. The data for heavy metal loadings showed a large 
variability ranging over several orders of magnitude, and it was noted that sometimes 
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the metal loadings from urban and residential roads exceed motorway runoff figures. 
They conclude that though this may be attributed to an overlap in traffic density figures 
in some cases, it is more than likely indicating a source for heavy metal pollutants other 
than from motor vehicles, and that the variability in runoff concentrations may, in part, 
be due to nature of different road surfaces, hydrological conditions, (for example, total 
volume and intensity of stormwater) (Lee et aJ., 2004) and street cleaning efficiency 
(Sartor et al., 1974; Ellis, 1979). 
The chemical form of Cd in stormwater runoff is such that approximately 50% of the 
total loading is present in a soluble form (Hares and Ward, 1999). For other metals, such 
as Cu, Zn, Pb, Cr and Ni, the percentage solubility levels are 20-40%,30-50%, 1-10,30 
- 50%, and 50% respectively (Mesuere and Fish, 1989; Mungur et aI., 1995). These 
qualities would potentially make Cu more easily removable in detention ponds, if 
installed as pollution prevention measures on a major highway, than Cd. In a study in 
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the south of Sweden (Lundberg et al., 1999), the concentration of heavy metals at the 
inlet and outlets to three detention ponds were compared against background levels. The 
results indicated that Cu and Pb are to a greater extent particulate associated, and Cd and 
Zn are found in the dissolved fonn (Lundberg et aJ., 1999). The magnitude of variation 
according to season was at least 10 fold, but for Pb it was 100 fold. Metals were taken as 
filtered and unfiltered and it was concluded that most of the metals were present in the 
particulate phase (Lundberg et aJ., 1999; Hewitt and Rashed, 1992). Ellis and Revitt 
(1982) sampled surface and gutter sediments from roads within N.W London for Cd Cll, 
Fe, Mn, Pb and Zn. They found that leachate levels show an extraction frequency of the 
following order: 
Cd> Zn = Cu > Mn >Pb. 
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This indicates that highway sediments can act as effective sinks for Pb but not for Cd, 
which is efficiently released into the environment. In runoff profiles (Ellis and Revitt, 
1982), the peak Cd leachate concentrations are reached after longer time periods due to 
the dependence of Cd on smaller particles. Other metals show no obvious dependence 
on particle size, which would suggest that all particle sizes are able to adsorb or release 
soluble metals from and to highway runoff. Charlesworth et al., (2003) carried out 
sequential extractions on dusts collected in Coventry and identified Cd as the most 
bioavailable element, as it had the highest percentages bound to the operationally 
defmed exchangeable sites and carbonates. Zn and Pb were mostly associated with 
carbonates and Fe/ Mn oxides, but not the exchangeable fraction. The vast proportion of 
Cu was found to be bound to organic matter and is therefore least likely to be made 
available to the environment under normal conditions. In this study (Charlesworth et aI., 
2003), the bioavailability of heavy metals in street dusts in Coventry differed from some 
other data (Droppo et al., 1998; Harrison et al., 1981) in which the solubility of Pb was 
found to be greater than Cu. The results for Coventry street dusts were, however, very 
similar to those previously determined by Ellis and Revitt (1982), as discussed above, 
with additional fmdings for Ni. Cd was again found to be most readily available, with 
other heavy metals in order as follows: 
Cd>Zn>Cu>Pb>Ni. 
Very little metal found in Coventry street dusts was in the residual form or exchangeable 
fraction, which means that following a change in environmental conditions e.g. pH, 
there is a potential for metals, in particular Cd, to be released (Charlesworth et al., 
2003). Any metals released in this way would then be flushed through the drainage 
network into streams and other watercourses. Foster et al., (1996) and Proffitt (1993) 
have shown that storm events can change prevailing environmental conditions by 
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buffering the effects of acid rain on the one hand, and by flushing through the urban 
system on the other. The result is the remobilisation of metals and the 'first-flush' effect 
ofa storm after a dry spell (see Section 2.2.1). 
iv) Street Dusts and Sediments 
The composition, patterns of distribution and possible sources of street dust are not 
common to all urban environments, but vary according to the peculiarities of each city. 
De Miguel et al. (1997) investigated the common features and differences in the nature 
and origin of street dust as discussed above, through a series of studies in 2 widely 
different cities, Madrid and Oslo, between 1990 and 1994 (De Miguel et al., 1997). 
Their results suggest that the chemical elements in street dust can be classified into 3 
groups of origin: 'urban' elements (Ba, Cd, Co, Cu, Mg, Pb, Sb, Ti, Zn), 'natural' 
elements (AI, Ga, La, Mn, Na, Sr, Th, V), and fmally elements of a mixed origin which 
have undergone geochemical changes from their original sources (Ca, Cs, Fe, Mo, Ni, 
Rb, Sr, U). Soil re-suspension and mobilisation appears to be the most important sources 
of natural elements, while urban elements originate primarily from traffic and from the 
weathering and corrosion of building materials. The study (De Miguel et al., 1997) 
suggested that natural elements seem dependant on soil type, which is incorporated into 
the street dust through the process of soil re-suspension. The concentration of these 
elements in the street dust is therefore heavily dependant on the composition of the 
geological material from which the urban soils are derived. In an urban area such as 
Coventry the underlying lithology may not, at first, seem to be an important factor in 
determining the quality of local stormwater, but the natural course of the River 
Sherbourne upstream of the culverted section, and open land in residential and urban 
areas and brownfield sites across the 52.86 km2 catchment, will be subject to the impact 
of rainfall events, giving rise to erosion and contaminated runoff. 
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Urban sediments represent the net effect of urban activities upstream and as such are 
predominantly the result of storm water runoff events combined with the deliberate 
human or occasional natural supply of debris to the watercourse (Douglas, 1985). 
Stormwater sediments are therefore a heterogeneous mixture of particles, (Ellis 1989), 
and a City Centre location, adjacent to housing and industry, will provide a complex 
mixture of sources (Charlesworth & Lees, 1997). Coventry's vehicle manufacturing 
industry is world renowned with former factories belonging to Alvis, Massey Fergusson, 
Morris Motors, Jaguar engines, Standard and Triumph all producing vast quantities of 
vehicles and engines until recently. The Peugeot, Motor Panels, Rolls-Royce, London 
Taxis, Unipart Eberspacher and Dunlop plants continue to produce vehicle parts, and 
there are still a large number of metal finishing and engineering units supporting this 
industry in operation throughout the City. Active remediation and redevelopment of 
fonner brownfield sites has revealed high levels of heavy metal, organic and solvent 
contamination (Environment Agency, 2005), and dusts arising from contaminated soil 
removal to landfill, (and on-site treatment operations such as sorting and grading of 
soils), may still give rise to local variation in street dust concentrations for these 
pollutants. Street dusts in Coventry and Birmingham appear to retain evidence of 
historical contamination by the incorporation of eroded, contaminated soil 
(Charlesworth et 01., 2003). A number of studies have investigated the composition of 
street dusts and sediments in the Coventry area (Foster et 01., 1996; Charlesworth et 01 .• 
2003; Proffitt, 1993; Charlesworth & Lees, 1999,2001; Charlesworth & Foster, 1993). 
The distribution of sediments, and characterisation of particles and their associated 
contaminants were not studied in this thesis, but previous findings were used to consider 
possible sources for pollutants determined in monitoring local storm events. 
4S 
Hewitt and Rashed (1992) identified that the majority of constituents in road runoff are 
associated with particulate material. These particulates may be washed away by rainfall 
and deposited as sediment in watercourses, as shown in Figure 2.2, which was adapted 
from Charlesworth & Lees (1999). Sediments and dusts transported and stored in the 
urban environment have the potential to provide considerable loadings of heavy metals 
to receiving waters and water bodies, particularly with changing environmental 
conditions (Morrison et al., 1990) and river sediments can act as a means of storage, 
both in the short term as a matter of hours, and in the medium term, extending to 
decades (Forstner, 1983). 
Charlesworth and Lees (1999) looked at sediment transport in the Coventry basin and 
identified 3 compartments or groups of sediments: sources, active (being transported) 
and no longer active (deposited). The sediments were :fractionated into <2mm to reflect 
sediment deposited in lakes, and <63 J.1m to represent natural and anthropogenic fluvially 
transported sediments. Transported material was dominated by the <63 J.1m fraction, 
while deposited material was dominated by the <2mm fraction (Charlesworth and Lees, 
1999). Research has shown that the most significant :fraction of sediment, in terms of 
pollution, is < 63 J.1m (Sartor and Boyd, 1972; Laxen and Harrison, 1977; Ellis, 1979), 
and although this constitutes only 6% of the total mass of sediment, it can constitute up 
to 50% of the pollution load of associated metals, hydrocarbons, COD, nutrients and 
herbicides (Collins and Ridgeway, 1980; Luker and Montague, 1994). 
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Figure 2.2 Flow chart showing movement of sediment in the urban environment 
(Adapted from Charlesworth & Lees, 1999) 
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The Coventry study (Charlesworth and Lees, 1999) found that the highest proportion of 
each heavy metal is bound to different fractions in the sediment regardless of particle 
size, but that trends were found in terms of dominant heavy metals as the sediment 
moved through the source-transport-deposit cascade (Figure 2.2). The <63 J.l.m fraction 
contained the highest levels of all metals, and the <2mm fraction showed the greatest 
variability in relation to maximum and minimum levels. Overall Charlesworth and Lees 
(1999) found that in Coventry the deposits contained the highest concentrations of Cd, 
Cu and Pb, whilst the transported sediments contained higher concentrations of Zn and 
Ni (Charlesworth and Lees, 1999). The reduction in Cd and increase in Ni in the 
transported material may be due to dilution by organic matter or further addition of 
metal-contaminated materials. 
In a study of heavy metal distribution on the River Severn flood plain, Zhao et al (1999) 
identified a pattern of decreasing grain size with distance from the river channel with 
Pb, Zn and Cu concentrations increasing over distance but Cd concentration decreasing 
sharply beyond a distance of 20 metres. They concluded that Pb, Zn and Co are 
associated with silt and clay fractions while Cd has no significant association with 
particle size (Zhao et al., 1999). 
Research by Whipple and Hunter (1981) into the settleability of urban runoff in 1.83 m 
deep undisturbed waters COnflfDlS that Pb settles more readily (60-65% of total 
concentration settled in 32 hours), whilst Cu and Ni settle more slowly and with greater 
variability (20-50% of total in 32 hours) whilst Zn settled out the slowest at 17-36% of 
the total measured in 32 hours (Whipple and Hunter, 1981). Consideration of 
settleability and the likelihood of transport is important not only in considering 
sustainable urban drainage treatment systems such as attenuation ponds, swales or reed 
beds, but also to consider the incidence and impact of heavy metals during storm 
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conditions and their availability to flora and fauna in the urban environment. Carbonates 
and other exchangeable sites dominate in the binding of Cd, making it readily 
bioavailable as discussed above (Charlesworth et al., 2003), Zn and Pb are mainly 
associated with carbonates sulphates and then FelMn oxides (Harrison et al., 1981), and 
the vast proportion of Cu is bound to organic matter, making it the least bioavailable 
heavy metal under normal conditions (Charlesworth et al., 2003). The dominant binding 
site for heavy metal sources appears to be in the organic fraction of the sediment, 
whereas for transported material it is equally divided between carbonates and organic 
matter. 
Deposited material seems to be more complex, with a combination of organic materials 
and carbonates and occasionally Fe and Mn oxides. The highest percentage per fraction 
(proportion) was again found to be independent of particle size except for organic 
matter, where the highest percentage for source material of a size less than 63J.1m is Ni, 
and for particles of less than 2 mm is Pb. This may impact on the results obtained in this 
investigation of the River Sowe catchment, as the sediments held in the shallow River 
Sherbourne corridor and those retained during low flows in the feeder culverts may 
under certain conditions such as storm events following dry weather periods, release 
pollutants including heavy metals to the sampled water column. 
In general, differences in the metal binding capacity of the sediments and the presence 
of ligands (organic or inorganic which bind different metals to different degrees) will 
control metals concentrations retained in the sediments (Houba et al., 1983), and their 
availability for uptake by resident species. Where heavy metals are not bioavai1able, 
their presence in sediments may not significantly impact on the structure or diversity of 
the community, or lead to bioaccumulation of pollutants (Perdikaki & Mason, 1999; Lee 
& Jones-Lee, 1993). Apte and Gardner (1991) found that complexity decreases toxicity, 
49 
particularly for humic-metal complexes that are probably too large to pass across a 
semi-permeable membrane into a living cell. The large percentage of metals bound to 
organic matter and carbonates found in the Coventry study discussed above 
(Charlesworth and Lees, 1999) are therefore less bioavailable than those bound to 
exchangeable fractions. Low percentages of heavy metals in the exchangeable phase 
reduces immediate environmental risk, but metals bound to organic matter and 
carbonates can still constitute a threat should environmental conditions (such as pH or 
temperature) change. 
2.2.4 Roof RUDOff 
Roof runoff is generally non-polluted, or not significantly polluted, compared to waste 
waters and urban runoff, as it should consist of fresh rainwater simply flowing over 
relatively inert materials, such as tiles, bitumen, less corrosive metals and concrete. This 
assumption that roof runoff can be considered as non-polluted stormwater, has generally 
led to the conclusion that it can be discharged directly into natural water bodies or 
groundwaters without impairing their quality and without the requirement for some form 
of treatment. In a field study by Zobrist et al. (2000) concentrations of total carbo~ 
nitrogen, phosphorus and the heavy metals, were analysed in roof runoff, and it was 
identified that on inclined tiled and polyester roofs, runoff showed very high initial 
concentrations of the substances, declining rapidly to lower and more constant levels. 
For most constituents the concentrations were in the range of wet deposition after the 
first few mm runoff depth, and total loads in runoff corresponded to total (dry and wet) 
atmospheric deposition load. The flat gravel roof studied behaved differently in that 
rainwater was retained before overflowing, weathering the gravel and retaining most 
pollutants in the gravel layer. Most of the gutters and drains in the area studied (Zurich) 
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were made mainly ofCu materials, and they found that the corrosion ofCu in drains (5g 
m-2 year-I) produced such high concentrations in roof water runoff, that direct disposal 
to watercourses could be questionable in certain areas. 
Several research programmes have underlined very high heavy metal contamination 
from metallic or partly metallic roofmg materials (Forster, 1996, Gromaire Mertz et aI, 
1999). In central Paris especially, experiments have shown that metal roofs are the main 
source of Cd, Pb and Zn loads in wet weather flows, due to corrosion (Gromaire et al., 
2001). Gromaire et al. (2002) suggest that this result is likely to differ significantly from 
one site to another, depending on architectural characteristics. As indicated earlier, the 
Environment Agency now only routinely analyses for metals in watercourses 
downstream of known metal bearing discharges that are controlled by a Consent to 
discharge issued under the Water Resources Act, 1991 (H.M.S.O., 1991). There is 
currently no routine information available therefore, of the heavy metal component 
released during storms, or at any other time, from the urban area in the centre of 
Coventry. In this study, samples used to calibrate some continuous monitoring events 
for ammonium and 00 levels, were also analysed for some heavy metals, namely Zn, 
Cd, Cr, Cu, Ni and Pb as discussed in Chapter 4. The results are shown in Chapters 6 
and 7. Using flow data collected on site this information was used to produce witbin-
storm analysis of pollution trends, and an estimation of the EMC (Section 2.1.1) of 
heavy metals produced during a storm event in Coventry was made, as discussed in 
Section 7.4.3. 
The study by Zobrist et al. (2000), as discussed above, went on to examine the first flush 
effect from roof water, and determined that it was caused by one, or a combination, of 3 
processes: 1) Matter deposited on the roof during the preceding dry weather period is 
washed off by falling rain; 2) weathering and corrosion products of the roof cover and 
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drainage system are washed off; and 3) contaminant concentrations in falling rain itself 
decrease with increasing rainfall depth, after the initial scavenging of particles, aerosols 
and gases by rain droplets (Zinder et al., 1988). Calculated wash off loads of most 
constituents examined in the study ranged within a factor of 2.5 with respect to 
measured mean wet deposition concentrations and dry deposition rates, with the 
exception ofNH/(N), Suspended Particulate Matter (SPM), total Pb and total Cu. For 
Cu the estimated initial concentrations and wash off loads were considerably higher than 
corresponding measured values for wet and dry deposition, suggesting that the Cu roof 
and its drains acted as a source for Cu. It is again likely that metal parts were weathered 
and the products were washed off by rainwater (Fl>rster 1996). The gravel roof retained 
most heavy metals and phosphorus, but not eu, and it also supported some nitrification 
(see Section 2.3.1). This was possibly due to bacterial activity within the gravel media. 
Boller and Hifliger (1996) estimated that in Switzerland about one third of Cu load in 
combined sewer systems originated from Cu used on roofs and in drain gutters. They 
suggested that if the first flush of 2mm runoff depth were diverted (e.g. to onsite 
treatment), the yearly mean concentrations for Cu, and the total loads would decrease 
slightly less than 30%. 
The quality of runoff may therefore be improved or worsened in comparison to the 
composition of atmospheric deposition, depending on the kind of materials used for roof 
cover, the type of drainage systems, and their interaction with the atmospheric 
deposition itself. For building materials displaying open-air corrosion, runoff loads can 
be considerably higher. The studies discussed above suggest that if released in large 
quantities, these roof runoff pollutants will impact on the environment, (where no 
retention takes place), and that a local water quality problem could emerge at the 
discharge site. 
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The largest portion of Cu, Pb and Cd were present in a moderately reactive form, whilst 
most of the Zn occurred in the labile form (Zobrist et al., 2000). Where these roofwater 
discharges are fed directly into soakaways in an effort to replenish groundwater 
resources, the possible effect on the quality of the groundwater has to be considered. 
Metals will be retained in soils to different degrees depending on whether they are 
reactive or not, and may have the potential over time to cause localised contamination of 
private potable sources. 
2.3 Contaminants and their ecological impact 
In the River Sowe and River Avon catchments, at the commencement of this study, it 
was generally considered, based on routine sampling and the results of the River Avon 
continuous monitors (Section 3.6), that chemical impacts on the ecology of watercourses 
related predominantly to peaks of non-ionised ammonia, suspended solids and/or 
oxygen depletion (see Section 2.3.1). According to toxicological criteria (Borchardt 
1992), limit values for endangering aquatic life are 50mg rl suspended solids, 4 mg rl 
02 and 0.1 mg rl ammoniacal nitrogen. Guidance levels and current statutory 
implementation (mandatory) levels for UK watercourses are given in Section 2.4. 
Longer-term ecological damage from the presence or persistence of toxic or unstable 
compounds such as organics, heavy metals or ammonia may arise from a single large 
event such as a chemical spillage, emergency sewage discharge or large storm event, or 
from the accumulative effect of multiple intermittent discharges, e.g. storm overflows, 
contaminated drainage systems or domestic misconnections. 
2.3.1 The impact of organic contaminants on the aquatic environment following 
storm events or sewage contamination 
The presence of oxygen in water is essential to maintain higher forms of biological life. 
Clean surface waters are normally saturated with dissolved oxygen (00) however 
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pollution from unstable organic wastes can rapidly reduce the oxygen content resulting 
in fish mortalities, anaerobic conditions, and in the case of potable waters, an insipid 
taste (Tebbutt, 1998). Game fish require at least 5 mg rl 00 and coarse fish will not 
tolerate less than 2mg rl. Organic discharges may also contain large quantities of 
suspended solids, which can impact on riverbed ecology, particularly spawning areas 
(Tebbutt, 1998). This settlement of solids in areas with a lower flow regime such as 
wider or deeper stretches, may block sunlight from photosynthetic organisms, suffocate 
benthic invertebrates, bury eggs prior to spawning and line the gills of fish causing 
irritation, disease or death. 
a) Chemical effects 
Organic pollutants consist of proteins, carbohydrates, fats and nucleic acids, which may 
be used by aerobic and anaerobic bacteria to facilitate growth and reproduction. 
In the presence of oxygen aerobic oxidation takes place, with part of the organic matter 
being synthesized into new cellular material, and the remainder being converted to 
relatively stable end products. In the absence of oxygen, anaerobic oxidation will 
produce unstable end products such as organic acids, alcohols, ketones and methane. 
The nitrogen in these more complex compounds is liberated as ammonia on oxidation. 
In addition there is an oxygen demand for the further conversion of ammonia to nitrites 
and nitrates, in a process known as nitrification (Klein, 1972). The decay of proteins 
leads to the formation of ammonia, particularly in the presence of carbonaceous matter 
and little oxygen. This process is known as denitrification (Klein, 1972). 
The Biochemical Oxygen Demand (BOD) gives a simple measure for the potential of 
biologically oxidizable polluting matter to remove oxygen in water. The value is 
obtained by incubating a 300ml sample of water for five days at 200e and detennining 
the amount of oxygen used (Laws, 1993). No photosynthesis can occur during this 
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process, so the oxygen level should remain the same or decline. In practice the BOD is 
increased by the effect of the oxygen required for nitrification. Due to the slow growth 
rate of nitrifying bacteria, this effect does not normally become apparent in river 
samples for eight to ten days and would not show in a culverted urban watercourse like 
the River Sherbourne. In a treated sewage eftluent containing large numbers of 
nitrifying bacteria the effect of nitrification on oxygen content can become clear after 
two days (Tebbutt, 1998). A typical BOD curve is shown in Figure 2.3: 
Figure 2.3: A Typical BOD curve (after Tebbutt, 1998). 
Carbonaceous Nitrogenous 
oxidation oxidation144>.---- additional oxygen demand due to 
nitrogenous oxidation 
L .......... - ... - ... - - .. ~ - ~ .. - ,.",. - -:-:2::;::.::.;:..: ............ 
o 5 
Days 
Key: 
BODs = level of oxidation oeeurriog 
during the 5 day test 
L = concentration of organic matter 
remaining (ultimate BOD) 
The y-axis in this diagram represents the amount of oxygen required for the biological 
oxidation of organic matter against time (days), in a water sample. When the 
carbonaceous source is almost fully oxidised, nitrification takes place, and further 
reduces the amount of DO present in the sample. During the BOD test the addition of 
allylthiourea will inhibit chemical nitrogenous oxidation, so that only carbonaceous 
oxygen demand is measured. Following gross pollution of a watercourse with organic 
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matter, such as would occur in the discharge ofa large volume of untreated sewage, the 
DO will reduce significantly and levels of 00 will sag over time as shown in Figure 2.4: 
Figure 2.4: Oxygen sag curves (after Mason, 1996) 
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100 ! __ ~~ ___ ----- Mild pollution 
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The reduction in oxygen concentration is determined by the nature and concentration of 
the organic pollutant, and therefore, the oxygen required for oxidation. The 00 levels 
rise with increased distance downstream of the pollution through self-purification. 
Section 3.6 will explain how oxygen sag curves have been identified in both the River 
Sowe and Avon catchments. This study will examine the contribution of urban runoff 
from the river Sherbourne catchment, and demonstrate that organic content, both 
carbonaceous and nitrogenous, can peak to extraordinarily high levels during a storm 
event, and result in severe depletion of 00 in the receiving waters. 
A poor quality discharge such as untreated sewage eftluent or storm sewage will contain 
a high concentration of ammonia, which may cause a further sag in the oxygen curve. 
This was demonstrated as part of the Urban Pollution Management project (Clifforde 
and Williams, 1997) in modelling the impact of urban and sewage flows in the River 
Avon and is described in Section 3.5. 
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Harremo~s (1981) suggested that the degradation of organic matter can be divided into 2 
phases; 
i) A homogenous water phase degradation, which is instantaneous, and takes place 
due to adsorption of the substrate by heterotrophic bacteria 
ii) A heterogenous degradation which is related to fixed surfaces in the river, 
whereby organic matter is removed by adsorption and sedimentation for later 
degradation (that is, after the pollutant plug has passed). He concluded that the 
delayed depletion due to sediment oxygen demand is the dominating phenomenon in 
small rivers. As a result of this, oxygen demand is distributed over the much larger 
volume of water that passes during the period a day or two after the event. 
Disturbance of the sediments can lead to a rise to an increase in oxygen demand both 
during and after the events, which may explain why even in a smaller channel such as 
the River Sherbourne culvert, oxygen depletion can be prolonged, whereas it is more 
likely to be as a result of nitrogenous oxidation in the deeper pools of the River Avon 
(Section 3.6). 
b) Effects on Biota 
Storm events can generate natural increased sediment loadings within a watercourse 
(Figure 2.2), which may hide additionaIloadings from urban runoff (Luker and Montague, 
1994). Potential impacts include; 
• Blanketing of stream beds with sediment, affecting habitats and food supplies 
• Direct toxic effects on stream fauna due to soluble pollutants such as heavy metals 
(Section 2.3.2) or ingestion of particulates 
• Deposition of contaminated sediments. (These may require removal as special 
waste (Environment Protection Act, 1990) during dredging operations 
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• Increased turbidity and SS, affecting photosynthesis and causing damage to fish 
gills and filter feeders (Ellis, 1991). 
• Depletion of DO concentrations due to oxygen demand (Section 2.3.1a) 
The concentrations of suspended solids at which these effects occur vary with the 
species and the nature of the particulate matter. Invertebrate distribution patterns are 
profoundly influenced by the size of particles composing the substratum (Hynes, 1970). 
Mayfly nymphs with exposed abdominal gills (e.g. Ecdyonorus and Ephemerel/a) may 
be replaced by species with covered gills (e.g. Caenis and Ephemera). Insects that crawl 
along the substratum may generally be disadvantaged by species who require a soft 
substratum for locomotion such as leeches, oligochaetes and some molluscs. Therefore 
the input of even fme particulates can bring about major community changes or reduce 
the potential for improvement in diversity of species. Alabaster and Lloyd (1980) 
tentatively suggest that waters containing more than 80mgrl SS are unlikely to support 
good fisheries. 
Reduced oxygen levels can lead to reduced fitness or even asphyxiation of organisms 
living in a stream. Bacterial populations will increase or decrease according to required 
optimal conditions as discussed. With heavy organic pollution, deoxygenation and low 
light conditions, algae are eliminated from rivers (Mason, 1996), but there is a gradual 
reappearance as conditions improve, and growth is stimulated by the large 
concentrations of nutrients present. Protozoa act as scavengers, feeding on bacteria and 
algae, and their population increases and decreases with the food availability (i.e. 
bacterial and algal mass) accordingly (Klein, 1972). The impact of Coventry's urban 
drainage system on the biological quality of the Rivers Sherbourne, Sowe and Avon is 
summarised in Table 3.1. 
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2.3.2 Heavy metal contamination - toxicity and impact 
Potential sources of heavy metals and their release into the environment and 
bioavailability are discussed in Section 2.2.3. Some heavy metals are essential trace 
elements to living organisms (e.g. Cu and Zn), but become toxic at higher concentrations 
(Mason, 1996). Others such as Pb and Cd have no known biological function. 
In general, metals may be listed in order of decreasing toxicity as follows (Abe4 1996): 
Hg, Cd, Cu, Zn, Ni, Pb, Cr, AI, Co. 
This sequence is very tentative, however, and toxicity can depend on species 
susceptibility and environmental conditions, mainly because of the effect on chemical 
speciation of the metal and the synergistic effects of other pollutants (Abel, 1996). 
Water hardness, pH and temperature can directly affect the toxicity of heavy metals, 
since the environmental mobility and bioavailability of metals is largely dependent on 
their concentration in solution (Luker and Montague, 1994). Unpolluted natural waters 
can show a pH range of between 3.0 and 11.0 or more but those between 5.0 and 9.0 
generally support a diverse population of aquatic species. Within this range, variations 
in pH can have major effects on the toxicity of pollutants such as ammonia and the 
availability of some metals (Abel, 1996). Low concentrations of soluble Pb may affect 
tadpoles, frogs and fish, such as minnows, stickleback and trout (Luker and Montague, 
1994). 
Many metals are known to accumulate in plant and animal tissues to very high levels 
causing a potential toxic hazard to the organisms themselves and to higher organisms in 
the food chain. which may consume them. The concentration of some heavy metal 
elements in freshwater causing mortalities for some invertebrates, salmonid (s) and non-
salmonid (ns) fish (Crompton, 1997), are given in Table 2.6. 
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Table 2.6. Heavy metal concentrations causing mortality in some freshwater 
species (adapted after Crompton, 1997) 
Element Invertebrates Fish 
Exposure Time LCso(J.lg r1) Exposure Time LCso (Ilg r1) 
(days) (days) 
Ni - - Long term 500 (s,ns) 
100 2200 (s, ns) 
15 8000(s, ns) 
4 _~ ?_Q9_Q{~1_1).~ >- _____ 
--------------- --------------------- --------------------- ----------------------
Zn 4 70 (D.magna) 500-1000 260 
4 10000 (soft waters) 
(annelids, 500-1000 1050 
60 larvae) (hard waters) 
200-600 4 2600 Guvenile) 
(snail, Ancyclus 2400 (adult) 
60 fluviatus) rainbow trout 
2000 (salmo 
(amphipod, 4 gairdnera) 
Allorchestes 13300-33000 
--------------- --------------------- _ ~~~P..t:.~~~~) ______ ---------------------- ---------------------
Pb - similar to fish 90 5500 
40 900 
4 1500 
---- ..... -.. _------ --------------------- --------------------- ---------------------- ---------------------
Cu 3 24 72 80(s) 
(crustaceans) 30 200(s) 
4 400-2000 6 250-400(s) 
(molluscs) 
4 amphipod 
(Allorchestes 
compressa) 
.... _-_ ....... _---- .... --------------------- --------------------- ---------------------- ---------------------
Cd 4 680 100 180(ns) 
(crustaceans) 10 4000(ns) 
25 10 700 2(s) 
(Daphnia 
magna) 
Key to table: s: salmonids ns: non-salmonids 
As discussed in Section 2.2.3, local studies into street dusts in Coventry (Charlesworth 
et al., 2003) have determined that heavy metals may be transported into watercourses 
during storm events, and may impact on the biodiversity of flora and fauna of urban 
watercourses. The Water Framework Directive (2000/601EC) considers the ecological 
status of a watercourse by consideration of chemical and biological assessment, as 
described in Section 2.6. An understanding of local risks to achieving good ecological 
status, from heavy metal content in urban runoff is essential therefore to allow 
interpretation of biological assessment downstream of the culverted section of the river 
Sherbourne (Table 2.8), and address any problems identified by the results. 
Objective 5, (Section 1.5) investigates whether emissions from traffic and industrial 
processes to air, as discussed above, contribute to an excess of heavy metals in storm 
runoff in the City. Spot samples and Auto-spot samples taken on the River Sherbourne 
at Humber Avenue, were analysed in Phase 3, to identify the concentration of heavy 
metals remaining in Coventry storm water during periods of rainfall after the main 
organic point sources were removed. The results are discussed in Chapter 7, and 
potential sources identified in Section 8.2. This investigation provides an opportunity to 
determine what concentrations of heavy metals are present in the watercourse, the 
possible sources of these pollutants, and whether they pose a risk to the watercourse in 
terms of biological impact, future amenity use or water quality standards under future 
legislation. 
2.4 The role of the Environment Agene)' and current regimes for monitoring and 
control of water quality 
2.4.1 The Environment Agene)' 
The Environment Agency was formed in 1996 from the merging of the Local Waste 
Regulation Authorities, Her Majesty's Inspectorate of Pollution and the National Rivers 
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Authority. It has a statutory duty under the Environment Protection Act 1990, the Water 
Resources Act 1991, and the Environment Act, 1995, to protect or enhance the 
Environment, and part of this is to safeguard and improve the quality of rivers. 
Controlling the risks from pollution, and regularly monitoring the chemical and 
biological quality at specific locations or sampling points achieves this duty. The 
Agency has an extensive nationwide sampling programme, and assesses environmental 
quality over time to grade rivers in terms of both biological and chemical quality in 
accordance with the General Quality Assessment (GQA) Scheme (Section 3.1.6.1). 
River Quality Objectives (RQOs) have been assigned by the Agency to all rivers in 
accordance with the River Ecosystem (RE) Classification Scheme as outlined in Section 
3.1.6.3. The Agency details the RQO for each river in its Local Contributions reports 
(formerly Local Environment Action Plans or LEAPs), which are reviewed annually 
(www.environment-agency.gov.uk). New objectives and target values for water quality 
under the Water Framework Directive (2000/60IEC) are yet to be defmed, as discussed 
in Section 2.6. 
2.4.2 General Quality Assessment (GQA) 
Rivers and canals are split by the Environment Agency into stretches for the purpose of 
monitoring, and according to consideration of local factors such as river confluences, 
major discharges and accessibility for sampling. More than 1260 stretches, totalling over 
6680km, are now sampled for chemical quality at least 12 times per annum 
(Environment Agency, 2000). Once every five years, biological sampling is also carried 
out in all stretches for the quinquennial survey, with two seasonal samples taken from 
each stretch. In the intervening years, only a proportion of the sample points are 
monitored. The methodologies for chemical and biological aspects of GQA are given in 
Table 2.7 and 2.8. The chemical grade is determined by assessing the concentrations of 
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ammonia, BOD and DO over a period of three years sampling (January to December). 
The overall grade for a river is determined by the worst of the three grades for the 
individual determinands. The grades are defined in terms of the 90 percentile for BOD 
and ammonia and the 10 percentile for 00. The fact that monitoring does not take place 
continuously gives a risk that a particular stretch of river, where close to the grade 
boundary, may be placed in the wrong grade. Where a river is sampled 36 times per 
annum there is an average risk of 19% that it is placed in the wrong grade. This figure is 
22% for biology GQA (Environment Agency, 2000). 
Table 2.7; GQA Chemical Grading (from Environment Agency, 2000) 
Dissolved Oxygen BOD (ATU)I Ammonia 
Water Grade (% saturation) (mg rl) (mgNrl) 
Quality 10 - percentile 90 - percentile 90 - percentile 
Very good A 80 2.5 0.25 
Good B 70 4 0.6 
Fairly good C 60 6 1.3 
Fair D 50 8 2.5 
Poor E 20 15 9.0 
Bad F2 <20 
1 as suppressed by adding allylthio-urea (see Section 2.6.1.1) 
2 i.e. quality which does not meet requirements of grade E 
Table 2.8; GQA Biological Grading (from Environment Agency, 2000) 
Water Quality Grade EQI for Taxa EQlforASPT 
Very good A 0.85 1.00 
Good B 0.70 0.90 
Fairly good C 0.55 0.77 
Fair D 0.45 0.65 
Poor E 0.30 0.50 
Bad F <0.30 <0.50 
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A biological sample is taken by the Environment Agency in spring and another in 
autumn for each river stretch. To take account of seasonal variatio~ taxa found in the 
spring sample are added to any additional taxa found in the autumn sample. Two indices 
are then determined for each sample according to the number of different scoring taxa 
present and the average score per taxon (ASPT). These indices are then compared to the 
expected score for an unpolluted river with the same physical characteristics, using the 
mathematical model RIVPACS (River Invertebrate Prediction and Classification 
Scheme). The biological quality of a river is expressed as a ratio between the sampled 
value and the predicted value using RIVPACS. The ratio is known as the Ecological 
Quality Index (EQI) and is calculated for both the number of taxa present and the ASPT. 
A figure of 1 or more is an indication that the site has shown at least the expected 
number of taxa or ASPT to a similar site of natural water quality. The EQI for a site is 
compared against the standards shown in Table 2.8, and the site is assigned the lower of 
the two grades if different (Environment Agency, 2000). 
2.4.3 River Ecosystem (RE) Classification Scheme 
The Surface Waters (River Ecosystem) (Classification) Regulations 1994, (SI 1994 No. 
1057), present a system for classifying the quality of waters according to potential future 
use, and allows for the setting of statutory water quality objectives under Section 83 of 
the Water Resources Act 1991, against individual stretches of water. This mechanism 
allows the Environment Agency to evaluate and control potential discharges to 
watercourses, by determining the appropriate discharge quality conditions to be imposed 
by a consent to discharge, given under the Water Resources Act, 1991. The River 
ecosystem classification comprises five classes, from REI to RE5, in decreasing quality. 
The criteria for each class are set out in Table 2.9. 
Table 2.9: River Ecosystem Classification (Environment Agency, 2000). 
Class Dissolved BOD(ATU) Total Un-ionised pH Hardness Dissolved TotalZn 
Oxygen Ammonia Ammonia Cu 
lower limit 
% saturation mgr l mgNl-I mgNl-I as 5 %ile mgrl J.lgr l J.lgr l 
upper limit CaC03 
10 %ile 90 %ile 90%ile 95 %ile as 95 %ile 95 %ile 95 %ile 
80 2.5 0.25 0.021 6.0- 9.0 ~10 5 30 
REI >10 andSSO 
22 200 
>50and~l00 40 300 
>100 112 500 
70 4.0 0.6 0.021 6.0- 9.0 ~10 5 30 
RE2 >10 and~50 22 200 
>50and~l00 40 300 
>100 112 500 
60 6.0 1.3 0.021 6.0- 9.0 ~10 5 300 
RE3 >10 andSSO 22 700 
>50and~100 40 1000 
>100 112 2000 
50 8.0 2.5 - 6.0- 9.0 ~10 5 300 
RE4 >10 and~50 22 700 
>50and~l00 40 1000 
>100 112 2000 
20 15.0 9.0 - - - - -
RE5 
The regulatory authority determines the appropriate river use (in accordance with 
current and historical use) by considering potential improvements that are considered 
cost effective and achievable, using best practice and available technology. A 
watercourse containing salmonid fish, or requiring little treatment for potable supply, 
would be considered as REI or RE2. There is no RE6 class as it is not appropriate to 
plan for poor quality watercourses with limited potential use. The objective classes for 
the River Sowe and River Sherbourne catchments are detailed in Section 3.3. 
2.4.4 EC Freshwater Fish Directive (78/6591EEq limits 
As the River Sowe catchment, including the River Sherbourne is not classified as a 
fishery for cyprinid or salmonid fish, these fishery limits are not applied directly to the I 
I 
I 
6S 
watercourses. However, the River Avon becomes a cyprinid fishery at Bidford-on Avon 
(Figure 3.1), just below Stratford- upon- Avon, and the combined effects of the City of 
Coventry and the consented etlluent discharges from Rugby, Coventry (Finham), 
Stratford and Warwick sewage treatment works, must be considered in meeting directive 
requirements. All of these Sewage Treatment Works have absolute maximum metals 
limits included in their treated etlluent discharge Consents, as a result. Analysis of 
components not included in the General Quality Assessment sampling (Section 3.3), 
such as Zn, temperature and suspended solids are included in the investigations carried 
out in the River Sowe catchment as a result, and discussed generally in terms of fish 
directive standards and toxicity in Chapter 7. 
The standards required under the EC Freshwater Fish Directive 78/659IEEC are given in 
Table 2.10. The areas of watercourse identified as fisheries have recently been 
reassessed by the Environment Agency, and as river quality improves in and below the 
River Sowe catchment, more and more stretches will be identified as potential or actual 
significant fisheries requiring protection under this and subsequent water quality 
Directives, including the Water Framework Directive (2000/60IEC), as discussed in 
Section 2.6. 
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Table 2.10: Standards Required by the EC Freshwater Fish Directive 7816591EEC 
Parameter Salmonid Standard Cyprinid Standard 
Comments 
G I G I 
Dissolved Oxygen 
(mgl) 
?9 ?8 ?7 50010 of samples must meet this 
r-------+-~----+-------;-~----~standard 
?6 ?4 
pH 
Un-ionised 
Ammonia 
(as NH3)mg rl 
Total Ammonia 
(as N) (mg rl) 
Temperature 
°C 
Total Residual 
Chlorine 
(mgrIHOCL) 
Total Zn 
(mgr l Zn) 
Water Hardness 
(mg rl CaC03) 
~ 10 
> lOand~ 50 
> 50and~ 100 
> 100 
Suspended Solids 
(mg rl) 
BOD (mg 1" ) 
<0.005 
~0.03 
~0.2 
~0.3 
<0.5 
~25 
Total Phosphorus 0.2 
(mg rl) 
Nitrites 0.15 
ias N) (mR rl) 
Phenolic 
Compounds 
~Il!& rl C~~OH} 
Petroleum 
hydrocarbons 
Dissolved Cu (mg 1"1) ~ 0.04 
6-9 
~0.025 ~0.005 
<0.78 
~1.5 
<21.5 
~0.005 
~25 
~8 
0.4 
0.46 
~0.04 
6-9 
<0.025 
<0.78 
<3 
~28 
~0.OO5 
~0.3 
~0.7 
~ 1.0 
<2.0 
G = Gnide values, 1= Mandatory (95% values exeept where stated) 
Absolute minimwn 
Derogation allowed in naturally acidic 
areas 
(0.004 mg 1"1 and 0.02 mg 1"1 as N 
respectively) 
Directive value = 1 mg r as ~ or 
0.78 mg rl as N. Derogation to 3 mg r l 
where healthy fish popD 
Temperature change downstream of 
thermal discharge 
Limit may be exceeded 2% of the time. 
1000C limit in breeding periods 
A suitable test is not yet available for 
this parameter 
Derogation allowed in areas of high 
mineralisation. natural enrichment or 
abandoned mines 
Average concentrations 
UK values (Directive requires 3 mg 1-1 
and 6 mg rl respectively) 
UK values (0.5 and 1.5 mg 1"1 as N02) 
Directive . 0.01 & 0.03 mg rl 
Must not be present in such 
concentrations that they affect fish 
flavour 
Must not form visible film. Must not 
give fish taste. 
Depends on water hardness 
As discussed above, the River Sowe is not designated as a Salmonid or Cyprinid Fishery 
but the Avon becomes designated below Bidford-on-Avon and is required to meet the 
above standards on 95% of the required 12 samples per year. The River Avon was 
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compliant under the EC Freshwater Fish Directive (78/659IEEC), as identified by the 
Environment Agency, 2000 report. Other Directives and associated Regulations 
applicable to the receiving waters are summarised in Table 2.11 : 
Table 2.11: Summary of Directives and Associated Regulations and Directions 
Directive Regulations and Directions 
76/464IEEC DOE Circular 7/89 (WO 16/89) 
The Surface Waters (Dangerous Substances) (Classification) Regulations 1989, SI No 
2286, DS I and DS2 (List n 
The Discharge of Dangerous Substances Direction 1989. 
The Surface Waters (Dangerous Substances) (Classification) Regulations 1991, SI No 
337, DS3 (List n 
The Discharge of Dangerous Substances Direction 1991. 
The Surface Waters (Dangerous Substances) (Classification) Regulations 1997, SI No 
2560, DS4 and DS5 (List 11). 
The Surface Waters (Dangerous Substances) (Classification) Regulations 1998, SI No 
389, DS6 and DS7 (List 11). 
78/6591EEC The Surface Waters (Fishlife) (Classification) Regulations 1997, SI No 1331 
The Surface Waters (Fishlife) Directions 1997. 
75/4401EEC The Surface Waters (Abstraction for Drinking Water) (Classification) Regulations 1996, 
79/869IEEC SINo 3001. 
The Surface Waters (abstraction for Drinking Water) Directions 1996. 
2.S Urban Pollution Management 
The Urban Pollution Management (UPM) methodology (FRlCL 0002. FWR, 1994) was 
developed over a period of 10 years, in response to the estimated requirement to spend 
£850 million in the 10 years to 2005, in addressing the issue of unsatisfactory storm 
overflows in England and Wales. The regulatory Agency (National Rivers Authority and 
then Environment Agency), the DoE and the regulated water companies developed the 
tools jointly, (using WRc to carry out the research), and ensured that the three aspects of 
sewage treatment; the sewerage system, the sewage treatment plant and receiving waters 
were considered as a whole in determining a cost-effective method of meeting the 
quality requirements of the receiving watercourse under the River Ecosystem 
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classification, as detailed in Section 3.1.6. The whole approach is designed to protect 
aquatic life from the impact of transient discharges from urban drainage systems, using 
specific environmental standards, and toxicological data from research on exposure to 
contaminants. The resultant short-term exposure limits are called Fundamental 
Intermittent Standards (FIS), as discussed in the next section. The UPM methodology 
(FRlCL 0002. FWR, 1994) can examine sewage flows from an identified catchment, 
treatment capacities at receiving sewage works, overflow frequency from known 
combined sewer overflows and pumping stations, and potential impacts on receiving 
watercourses under dry weather and stonn conditions. The method can be used to set 
overflow weir heights, consent conditions at treatment works, spill frequencies at 
overflows and thereby determine storm storage capacity to protect aquatic life in 
watercourses of known quality, flow and potential. The UPM methodology (FRlCL 
0002. FWR, 1994) was used to identify areas for improvement in treatment at Coventry 
(Finham) Sewage treatment works (Figure 3.3) following a marked deterioration of the 
River Avon during summer stonns (Section 3.6) in 1996-7. The findings (Clifforde and 
Williams, 1997; Murrell et al., 1998) led to significant improvements in the treatment 
facility, and receiving watercourse, as described in Sections 3.8 and 3.9. 
2.5.1 Fundamental Intermittent Standards 
Specific water quality standards for intermittent pollution events, such as discharges 
from combined sewer overflows or storm systems, have been developed as part of the 
UPM development programme (FRlCL 0002. FWR, 1994). They are known as 
Fundamental Intermittent Standards, and define the maximum concentrations of 
ammonia and oxygen permitted during a short duration, high-toxicity event. Traditional 
water quality standards, expressed as annual averages or percentiles, seek to protect 
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receiving waters from the impact of continuous inputs. The statistics of compliance with 
percentile standards do not allow for these short-term storm events, which may kill all 
aquatic life while not breaching the standard identified for long term water quality 
monitoring. There have been at least three previous approaches to developing short-term 
standards. The first of these came from the US Environment Protection Agency 
(USEPA, 1983). The standards include a short duration average concentration, or a 
maximum admissible concentration. For dissolved oxygen the minimum period is one 
day. The standards give no allowance for event duration and frequency as associated 
with wet weather events, where there may be a need to allow occasional extreme events. 
LCso standards were developed very early in the UPM programme using published data. 
Standards produced predicted levels at which no more than 50% of the identified species 
would die for a given exposure period. The standards do not identify levels at which 
mortality is avoided in an average year. The standards use both LCso and no-effect 
concentrations for continuous exposure conditions. Using toxicology data and 
experiments on fish and invertebrates, the UPM programme developed intermittent 
standards for ammonia and oxygen relating to storm events of different return frequency 
and duration. The standards for dissolved oxygen are given in Table 2.12: 
Table 2.12: Dissolved Oxygen Fundamental Intermittent Standards 
(After Foundation for Water Research, 1993.) 
Dissolved Oxygen Concentrations (mg }"1) 
~ 1 hour 6 hours 24 hours Return rrequ 
1 month 4.0 5.0 5.5 
3 months 3.5 4.5 5.0 
1 year 3.0 4.0 4.5 
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Intermittent standards are expressed as concentration! duration thresholds, which are not 
to be breached more frequently than shown. For example, the dissolved oxygen 
concentration must not be allowed to fall below 4 mg r 1 for longer than one hour on 
average, with a monthly return frequency, for the river to be compliant with the 
standards. The thresholds apply when unionised ammonia concentrations are below 0.04 
mg r1, due to possible synergistic toxic effects on fish of low dissolved oxygen and high 
ammonia concentrations. Unionised ammonia standards are given in Table 2.13: 
Table 2.13: Unionised Ammonia Fundamental Intermittent Standards 
(after Foundation/or Water Research, 1993.) 
Unionised ammonia Concentrations (mgNH3-Nr1) 
~ 1 hour 6 hours 24 hours Return frequenc 
1 month 0.150 0.075 0.030 
3 months 0.225 0.125 0.050 
1 year 0.250 0.150 0.065 
Concentrations are upper thresholds, which apply when Dissolved Oxygen levels are 
above 5 mg r1. The thresholds also assume pH is above 7 and temperature is above 5°C. 
The toxicity of un-ionised ammonia approximately doubles with a unit drop in pH and a 
10°C drop in temperature (Tebbutt, 1998). The impact of ammonium and low dissolved 
oxygen saturation levels are synergistic, and correction factors to take these conditions 
into account have been devised. The correction factors for dissolved oxygen standards 
under conditions of elevated un-ionised ammonia concentrations are given in Table 
2.14. 
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Table 2.14 Correction Factors to be applied to Dissolved Oxygen standards 
(after Foundation/or Water Research, 1993.) 
Un-ionised Correction factor The correction factors relating to ammoma 
ammoma to be applied 
concentration 
(mg rl) 
under conditions of low dissolved oxygen, low 
pH and specific temperature are given in Table 
<0.04 No correction 
2.1S. 
0.04 - 0.15 + 1.0mg r1 
>0.15 + 2.0mg r1 
Table 2.1S Correction Factors to be applied to Ammonium standards in low 
dissolved oxygen, low pH and associated temperature conditions 
(after Foundation/or Water Research, 1993.) 
Dissolved Correction factor It is unlikely that these correction factors will 
Oxygen to be applied to 
concentration ammonium 
(mg r1) standards 
ever be critical, since under low pH and 
temperature conditions the proportion of total 
>5 No correction 
ammonia that is un-ionised is very small 
3-S x 0.5 
(Foundation for Water Research, 1993). 
<3 x 0.25 
A river meeting these fundamental intermittent 
pH Temperature 
<SoC >Soc 
standards would be expected to support a 
>7 x O.S None 
mixed fishery. The standards are based upon 
6-7 x O.S x 0.5 
the objective of long-term protection for storm 
<6 xO.2S x 0.25 
events of up to one year return period. More 
extreme events will have a greater impact on 
receiving waters. The River Sherbourne investigation will be examined in respect of 
these intermittent standards to identifY whether storm events exceed the suggested levels 
for short-term exposure. 
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2.6 The Water Framework Directive 
The EC Water Framework Directive (2000/60IEC) establishes an integrated approach to 
the protection, improvement and sustainable use of Europe's rivers, lakes, estuaries, 
coastal waters and groundwater (UKTAG 2006, www.wfduk.org). It requires that all 
inland and coastal waters within defined river basin districts must reach good status by 
2015, and defmes the environmental objectives and ecological targets to achieve this 
(Foundation for Water Research, 2005). The definition of good status is currently being 
determined by the member states. The Environment Agency is the competent body for 
implementation of the Directive in England and Wales with SEP A identified for 
implementation in Scotland (Environment Agency, 2006). The Directive will: 
• Defme the meaning of 'good' status by setting environmental quality objectives for 
surface waters and groundwater 
• Identify in detail the characteristics of the river basin district, including the risks to 
achieving good status posed by anthropogenic pressures (including urban runoff) 
And require the competent body to: 
• Assess the present water quality in the river basin district 
• Undertake analysis of the significant water quality management issues, including 
abstraction pressures 
• Identify a programme of measures (poM) for each river basin district 
• Consult with key stakeholders and other interested parties about the 
characterisation, proposed PoM, and cost -benefit analysis. 
• Implement the agreed PoM, monitor improvements in environmental quality, 
review progress and revise water management plans. 
The implementation timetable (www.defra.gov.uk) for the Water Framework Directive 
is given in Table 2.16. 
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- - --- -- - - - - --- -- - - -- - -- -- - ----.------------- -- ------ ----- ,- -- - - -~ -- --, 
Date Action 
22 December Directive entered into force (article 22) bring into force the laws, regulations and administrative provisions 
2000 necessary to comply with the Directive (article 24) 
22 December Identify competent authority (article 3) 
2003 
22 June 2004 Provide Commission with list of competent authorities (article 3) for each district, complete analysis of 
characteristics of the surface and groundwaters, review the environmental impact of human activity (industry, 
farming etc) and prepare economic analysis of water use (article 5) 
22 December Establish register or registers of protected areas (articles 6 and 7) 
2004 
22 December In the absence of agreement at Community level, of criteria for identifying significant and sustained upward trends 
2005 in groundwater pollution and for the definition of starting points for trend reversals, Member States to establish 
appropriate criteria (Article 17(4» In the absence of criteria at national level, trend reversal is to start at 75% of 
quality standards applicable to groundwater in existing Community legislation (Article 17, 5) 
Make operational monitoring programmes to ensure comprehensive view of water quality status within each I 
river basin district (article 8) 
Publish and consult on a timetable and work programmes for the production of river basin management plans for 
each river basin district (article 14) 
22 December In the absence of agreement at Community level, for substances included on the first priority list (see article 16), 
2006 member states to establish environmental quality standards for all surface water affected by discharges of 
those substances and controls on principal sources of discharges (same obligation to apply 5 years after 
subsequent inclusion of a priority substance in the list, in the absence of Community agreement) (article 16) I 
! 
:;t 
-..J 
Vl 
Date 
22 December 
2007 
22 December 
2008 
22 December 
2009 
2010 
22 December 
2012 
22 December 
2015 
22 December 
2015 & every 
six years 
thereafter 
--- - --, - -
Action 
Publish and consult on an interim overview of significant water management issues for each river basin district 
(article 14) 
Publish and consult on drafts of the river basin management plans (at least 6 months to be allowed for 
comments in all the above cases) (article 14) 
establish programmes of measures in each river basin district in order to deliver environmental objectives (article 
11) 
Publish first river basin management plan for each river basin district, including environmental objectives for each 
body of surface or groundwater and summaries of programmes of measures (article 13) 
Ensure proper water priCing pOlicies are in place (article 9) make operational programmes of measures in each 
river basin district to deliver environmental objectives (article 11) 
Interim progress reports to be prepared on progress in implementing planned programmes of measures (article 
15) 
Main environmental objectives to be met (article 4) 
Review and update plans (with same consultation and interim reporting arrangements described above) 
(articles13,14 and 15) 
2.6.1 Characterisation of river basins, water bodies and environmental pressures 
The government has divided England and Wales into eleven River Basin Districts 
(RBDs), including two cross-border districts as shown in Figure 2.5: 
Figure 2.5 River Basin Districts in England and Wales 
(Environment Agency, 2003) I j".-----.---... ---.. - ........................................ ········l i . I i 
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Because some RBDs are large and the envirorunental pressures complex, it will be 
necessary for planning purposes to subdivide them into smaller catchments, although it 
is anticipated by the competent body that there will be no more than 50 planning units at 
the catchment scale (Envirorunent Agency, 2006). In 2004 the Envirorunent Agency 
identified 5881 water (river) bodies of >lOKm2 and 1906 of <lOKm2 according to 
geological typology as shown in Figure 2.6 and considered the envirorunental risks 
against each one meeting 'good' status. As the level for good status has not yet been set, 
each risk was identified according to whether it is a significant potential pressure or not. 
Figure 2.7 gives an indication of risk rather than current quality status, and each 
waterbody was quality assessed locally by Envirorunent Agency officers against initial 
predictions based on nationally held quality datasets (Envirorunent Agency, 2006). This 
initial characterisation was then held open for comment from interested parties by public 
consultation. A further review of envirorunental pressures is likely before PoMs for 
individual catchments are agreed. Lake waterbodies were identified at >50 hectares (137 
in total) or greater than 5 hectares (296) with 359 groundwater bodies and transitional 
waters (estuaries) also being considered. The envirorunental pressures considered for 
each waterbody are as follows; 
• Point Sources (see Section 2.1.1) including consents and GQA chemical and 
biological results (Section 2.4.2) 
• Non-point sources - including agricultural impacts (pesticide and nutrients), 
acidification and urban runoff (Section 2.2.3) 
• Abstraction and flow regulation 
• Morphological pressures, including erosion, sedimentation and flood defence 
structures 
• Alien species (plants and animals, e.g. Signal Crayfish) 
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Figure 2.6 River Catchment Typology (Environment Agency, 2003) 
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Maps have been produced by the Environment Agency, which show the risk of failing 
the water framework Directives for each environmental pressure (www.environment-
agency.gov.uk). The risk map for Urban non-point sources (runoff) is shown in Figure 
2.7: 
Figure 2.7:National Risk Map for Urban Runoff Pressures identified by the 
Environment Agency (2004) (from www.environment-agency.gov.uk) 
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2.6.2 Classification of RBDs and waterbodies 
Surface water quality will be assessed using ecological and chemical status and 
groundwater quality will be assessed using chemical and quantitative status, as shown in 
Figure 2.8, with the objective defined as good status. Derogations against achieving 
good status will apply to heavily modified waterbodies (e.g. culverts and canals) and 
higher standards will be applied to protected waters such as recreational waters, nutrient 
sensitive waters, conservation sites and drinking water sources (www.environment-
agency.gov.uk). In addition to the ecological status objectives and classification there is 
also a chemical status and classification based on a range of agreed substances. For 
priority substances environmental quality standards will be identified (currently under 
consideration by member states) which must be met. Priority hazardous substances as 
identified in the Directive (2000/60IEC), must reduce to near background levels by 
2020. The Directive stipulates a combined approach to controlling these chemicals using 
both emission controls and water quality standards. The chemicals are grouped as shown 
in Table 2.17: 
Table 2.17 Priority substances and Priority Hazardous substaDce8 
. (Water Framework Directive, 2000/601EC) 
Priority Hazardous Priority substaDces subject Priority substances 
substaDCes to review as priority 
hazardous 
Brominated diphenyl ether Anthracene A1achlor 
Cd & it's compounds· Atrazine Benzene 
C 1O.13chloroalkanes Chlopyrlfos Chlorofenvinphos 
Hexachlorobenzene Di(2-ethylbexyl)pthalate l,2-Dichloroethane 
Hexachlorobutadiene Diuron Dichloromethane 
Hexachlorocyclohexane Endosulfan Fluoranthene 
Hg and it's compounds Isoproturon Ni aDd it's compounds* 
Nonylphenols Pb and it's compounds· Trichloromethane 
Pentachlorobenzene Napthalene 
Polyaromatic hydrocarbons Octylphenols 
Tributyl tin compounds Pentachlorophenol 
Simazine 
Trichlorobenzenes 
Trifluralin 
*Heavy metals found during monitoring in this research are shown in bold type 
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Figure 2.8 The Water Framework Directive concepts for water quality improvement (Environment Agency, 2004) 
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2.6.3 River Basin Management Plans and the review process 
The Water Framework Directive introduces a six-year cycle of planning and action 
(Environment Agency, 2005), and running through each cycle is a continuous process of 
analysis and decision-making designed to shape the fmal River Basin Management Plan, 
as shown in Figure 2.9. 
Figure 2.9 River Basin Planning Framework (from Environment Agency, 2004) 
Review 
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Monitoring of chemical and ecological status will need to consider urban runoff and 
non-point sources attributed to major highways and conurbations in some river basin 
districts. Continuous monitoring may be able to assist in this respect as discussed in 
Section 2.7 and Chapter 8. 
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2.7 Conclusions 
This Chapter has identified pollution as emanating either from point or non-point 
(diffuse) sources (Chloe et al., 2002), noting that when point sources are not easily 
identified, as in underground streams and drainage systems, they in effect become 
diffuse with regard to their impact on the aquatic environment. In Chapter 3 this theory 
is developed by examining the drainage issues and likely sources, (both continuous and 
intermittent), of pollution arising in the extensive surface water drainage systems of 
Coventry, and resultant impacts on local water quality. The contribution and impacts of 
storm runoff on receiving urban watercourses (Section 2.1) were found to be highly site 
specific (EPA, 1983; Brezonik and Stadeimann, 2002), arising from precipitation, soil 
erosion, accumulation and wash off of atmospheric dust and street dirt, fertilisers, 
pesticides and direct discharge of pollutants into storm sewers (Novotny & Olem, 1994). 
Many studies have employed discrete sampling techniques to monitor a number of stonn 
events (Lee and Bang, 2000; Brezonik and Stadelmann (2002); Herrmann et ai, 1994; 
Characklis and Weisner, 1997; Namdeo et al., 1999; Hares and Ward, 1999), and this 
method is considered in terms of costs and effectiveness for an investigation of pollution 
in the River Sowe catchment in Section 2.1, and again, by comparison to the use of 
continuous monitors in Chapter 8 (objective 2). Chapter 3 examines the routine spot 
sample results obtained by the Environment Agency under the General Quality 
Assessment (Section 3.3), and details the seasonal problems identified by the use of 
discrete sampling and continuous monitoring in open watercourses. In Section 2.2 
potential sources of urban runoff contamination from natural and anthropogenic sources 
such as soils, different land-use, traffic emissions and street dusts are investigated with 
reference to data gathered in many parts of the world. This reference material will be 
compared to the data gathered in the River Sowe catchment using the methodology 
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outlined in Chapter 4 to identify possible sources of local contaminants. Urban runoff 
was found to be more polluting in some cases (Laws, 1993) than treated eftluent from 
Coventry Sewage Treatment Works (Section 3.7), and heavy metal contamination was 
generally found to be greater in urban areas (Arntson and Tomes, 1985), with 
commercial and industrial areas contributing more pollutants than open spaces, parks 
and low-density residential areas (Mulcahy, 1990; Bang and Lee, 2000). 
The impact of long antecedent periods and summer storms with reference to the 
possibility of concentration peaks, known as the first flush effect, are documented in 
Section 2.2, and there is good evidence that pollution concentrations are greater after 
long periods of dry weather, in comparison to those determined in regularly occurring 
storm events (Lee et al., 2004) The actual mechanism of how, when or if a first flush 
arises is still a matter for debate (Deletic, 1998; Saget et aI., 1995; Lee et al., 2004) and, 
because of the even distribution of street dusts, and the continued wash off of the 
sediment throughout a storm event, a first flush effect is not always demonstrated when 
sampling road runoff. The methodology used for sampling short summer storms, 
particularly when employing flow triggered sampling techniques, could have an impact 
on whether the early impact of a storm is missed, and subsequently whether a first flush 
effect is identified in the data gathered (Deletic, 1998). 
The nature of road surfaces, the imperviousness of the surrounding area (Klein, 1979), 
the intensity of the storm event (Lee et ai., 2004) and even the frequency of street 
cleansing (Sartor et al., 1974; Ellis, 1979) are all stated to be contributory factors to the 
pollution proflle of urban runoff. These factors are considered in discussion (Chapter 8) 
of the seasonal problems identified in the River Avon (Section 3.6), and the storm 
events monitored in Coventry drainage and the River Sherbourne (Chapters 4, 5, 6 & 7). 
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The impact of air pollution, and the potential for incorporation of heavy metal 
particulates of >2Jlm into street dusts and urban runoff were discussed in Section 2.2.2, 
and data (www.environment-agency.gov.uk) for the major airborne contaminants 
emitted from Coventry waste incineration plant which is located within the city 
perimeter, is examined in Section 3.9 as another possible source of locally found 
pollutants (Chapters 5 to 7). Other sources of airborne pollutants are also considered in 
this Chapter (Table 2.4, Quality of Urban Air group, 1993) and the contribution of road 
transport (NSCA, 1999; Ehrlich et ai., 1972) is discussed. The widespread use of Pb-
free fuel in the 1980s and the introduction of catalytic converters in accordance with EC 
Directive 911441IEEC have led to a marked reduction in vehicle emissions, but it is 
identified (Charlesworth et ai., 2003) that in cities and towns, including Coventry, 
stationary vehicles at junctions and pedestrian crossings can give rise to increased 
pollution, and that vehicular emissions probably have the greatest impact on the level of 
pollutants at ground level (Urban Air group, 1993). Dust and dirt from traffic will 
include direct exhaust emissions of particulates, and dust re-suspended from the road by 
passing traffic (Namdeo et ai., 1999). Section 2.2.3 identifies that heavy metals arise 
from exhaust emissions, lubricant losses (oil spills) and degradation of vehicles, tyres, 
brake linings and road surfaces (De Miguel et ai., 1997; Ellis and Revitt, 1982; Brown et 
ai., 1990; Drew, 1975) The corrosion and renovation of buildings (De Miguel et ai., 
1997), atmospheric fallout and roof runoff also contribute to the overall heavy metal 
content of stormwater runoff (Zobrist et ai., 2000). Chapters 2 and 3 identifY that trade 
effluents, (either by direct discharge or from overflowing foul sewers), and dusts from 
the remediation of contaminated land, can also be a factor for consideration of the 
Coventry data obtained during this research. 
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The impact of heavy metals on the environment will depend on their bioavailability, 
which in tum is a factor of solubility (Hares and Ward, 1999), environmental conditions 
(Foster et al., 1996; Proffitt, 1993) and physical and chemical form (Lundberg et al., 
1999; Hewitt and Rashed, 1992; Ellis and Revitt, 1982; Charlesworth et al., 2003). The 
results for Coventry (Charlesworth et al., 2003) were similar to those found in London 
(Ellis and Revitt, 1982), with Cd most readily available to the environment followed by 
Zn, Cu, Pb and, in the case of the Coventry data Ni (in decreasing order of potential for 
release to the environment). The association of heavy metals with particulates (Zhao et 
al., 1999; Charlesworth et aI., 2003; Whipple and Hunter, 1981) are described in Section 
2.2.3, and research on the transportation of these sediments and street dusts, particularly 
in Coventry (Charlesworth and Lees, 1999; Charlesworth et al., 2003), may provide 
some explanation for the heavy metal results obtained during storm events monitored on 
the River Sherbourne in 2001 and 2003 (Chapter 7). Section 2.3 considered the effects 
of organic pollution on watercourses, and identified the impact of high Biochemical 
Demand (BOD) on a watercourse following a highly contaminated discharge, such as 
that from a sewer overflow or untreated sewage eftluent. The result is to strip the 
watercourse of DO, and the presence ofNH3(N) enhances this effect due to nitrification, 
as shown in Figure 2.3 (Tebbutt, 1998). The resultant oxygen sag (Mason, 1996), has 
been demonstrated in the River Avon following Summer storms with long antecedent 
periods, as discussed in Section 3.6. Objective 3 of this research considers whether the 
improvements carried out to drainage systems, as a result of this investigation, have 
reduced the impact from the City during storm events. Improvements to the River Sowe 
catchment watercourses are identified for chemical and biological quality in Section 3.3. 
The toxicity of heavy metals is discussed briefly (Section 2.3.2), and although the Rivers 
Sowe and Sherbourne are not currently classified as cyprinid fisheries, fish populations 
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present, particularly in the lower reaches of both watercourses, may be adversely 
affected by high concentrations of heavy metals in urban runoff (Section 7.2). The 
concentration of heavy metals detennined during stonn events in the River Sherbourne 
in relation to quality standards and potential water quality problems is discussed as part 
of meeting objective 5 in Chapters 7 and 8. This Chapter concludes with a consideration 
of the monitoring role of the Environment Agency, and the water quality standards and 
monitoring applied under the General Quality Assessment (GQA) scheme (Section 
2.4.2). The results for Coventry watercourses are given in Chapter 3 (Section 3.3). The 
Urban Pollution Monitoring programme «FRlCL 0002. FWR, 1994) is described to 
identify the process involved in consideration of intennittent discharges to open 
watercourses, and introduce the concept of intermittent quality standards based on 
toxicological impact. In Chapter 3 the application of this methodology to Coventry 
Sewage Treatment Works, and the requirement for further work to investigate the 
impact of urban runoff arising from Coventry surface water drainage is discussed 
(Section 3.8) the methodology for this investigation is outlined in Section 4.2. 
Section 6 describes implementation of the Water Framework Directive (2000/60IEC), 
which requires an holistic approach to water management on a river basin district basis 
(Section 2.6.1), and will consider chemical and ecological status in achieving an 
objective of good status for most watercourses, lakes and groundwater. The 
anthropogenic impacts on the environment discussed in this Chapter, such as 
urbanisation and urban runoff, sedimentation, point and non-point sources, will all be 
considered under the Directive as pressures on the local environment, requiring (after 
consultation with interested groups), a programme of measures (PoM) to counter the 
risk of failing to meet the required objective. Chapter 3 (Section 3.1 0) outlines the main 
pressures identified for the Lower Severn area and specifically the River Sowe 
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catchment, and suggests that the use of the methodology for monitoring surface water 
drainage systems and culverted watercourses described in Chapter 4, could be applied to 
this and other major conurbations to identifY anthropogenic environmental impacts. 
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Chapter 3 The River Avon and the River Sowe catchments 
Introduction 
The impact of pollution on watercourses has been well documented, as discussed in 
Chapter 2, but where the local impact of urban runoff is significant enough to give rise 
to public concern, and cause fish mortality on a regular basis, the mere knowledge that 
misconnections, intermittent discharges and stormwater runoff can cause problems, is 
not sufficient to ensure that a satisfactory solution can be identified. This research thesis 
investigates a pollution problem in an inland watercourse, the Warwickshire Avon, and 
the urban drainage catchment for Coventry, which feeds the headwaters of the Avon 
catchment via the Rivers Sherbourne and Sowe. This area was studied because there 
were known point pollution sources to be tackled in the city (Section 3.2) that could 
only be addressed at significant cost (due to their size and complexity), and with 
adequate proof of the pollutant impact to justify funding the investigation. The generally 
poor water quality in Coventry rivers, as identified by the regulator's routine monitoring 
programme (National River Authority and Environment Agency Section 3.3), also 
indicated that unknown intermittent and illegal discharges were contributing to the 
impact of Coventry's foul and surface water drainage systems on the River Avon, but it 
did not identify the contaminated streams and surface water systems responsible. 
The Coventry drainage system is a good example of drainage in an urban environment, 
with culverted streams and watercourses, extensive surface water and combined 
sewerage systems, and the potential for intermittent discharge problems, which would 
be difficult to trace using conventional methods of spot sampling in open watercourses. 
The resultant problems in the receiving watercourse were so acute that deoxygenation of 
the River Avon caused annual mortality offish species, as detailed in Section 3.6, and it 
was identified by the National River Authority and Severn Trent Water, that major 
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improvements in eftluent quality at Coventry (Finham) sewage treatment works were 
required. 
This decision led to an Urban Pollution Management (UPM) study (FRlCL 0002.FWR, 
1994), quality modelling of the watercourse, and a planned upgrade to the treatment 
facility. The UPM study also identified Coventry's River Sowe catchment as a major 
source of contaminants that would remain after the proposed improvements to effiuent 
treatment at Finham, although the scope of the UPM project did not extend to 
investigating these fmdings further. This chapter will describe the impact of urban 
rainfall on the River Avon catchment, and through an investigation of historical water 
quality data identify potential problem areas in the City. It identifies the locations of the 
watercourses affected by urban runoff that were investigated in this research (Sections 
3.1 and 3.2), describing the history of the City of Coventry in terms of population 
growth, manufacturing importance and drainage improvements (Section 3.4). It provides 
details of General Quality Assessment (GQA) monitoring carried out in the area 
(Section 3.3), and the results obtained (Tables 3.1 and 3.2). Section 3.7 looks at the 
investigative monitoring carried out for determining the impact of Coventry's sewage 
treatment works and urban river systems in this area as part of the UPM study, and 
Section 3.6 describes the pollution problems identified in the River Avon following 
summer storms. 
Previous work on the River Avon catchment (Clifforde and Williams 1997) showed that 
the contamination emanating from the City of Coventry during storm events had a 
marked impact on the quality of the receiving watercourses. The study was 
commissioned to investigate the impact of Coventry Sewage Treatment Works on the 
River Avon (Section 3.4), and was based on discrete samples taken during three 
rainstorm events using the Urban Pollution Management (UPM) methodology (Crabtree 
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et 01 1995). This methodology, which has been developed to investigate pollution 
problems associated with multiple combined sewer overflows, does not however 
consider the impact of separate surface water sewers and any associated infiltration. The 
pollution loadings calculated by this UPM study do not take into account foul sewer 
misconnections, unknown combined sewer overflows, or illegal trade eftluent 
discharges in the city which are occasionally identified in routine spot sampling of 
watercourses, or reported to water quality regulators as pollution incidents by members 
of the general public. In a second study on the chemical water quality of the catchment, 
the River Avon Eutrophication project (Foster et 011998) identified an unusually high 
level of phosphate in the waters from the River Sowe catchment upstream of Coventry 
(Finham) Sewage treatment plant. These high concentrations may be due to high levels 
of untreated sewage eftluent entering the watercourse from undetermined sources. Both 
projects identified further research work was required on the River catchment upstream 
of Coventry Sewage Treatment Works, to identify additional sources of pollution that 
were causing fish mortality each summer in the receiving watercourse (see Section 3.6). 
Because of the culverted nature of the City Centre watercourses in Coventry, it had 
always been difficult for the Regulatory bodies such as the National River Authority and 
the Environment Agency to capture intermittent pollution incidents for analysis using 
spot samples and biological sampling alone. A continuous assessment of the water 
quality for each culverted watercourse was required, transferring the application of 
mobile continuous monitoring technology previously used only in open watercourses 
and on troublesome consented effluent discharges, to the hidden stretches of surface 
water sewer and culverted watercourse in the City. To satisfy the aims and objectives 
identified in Chapter 1, this research bas gathered data from culverted drainage systems 
(and the open watercourses affected by them) in Coventry, which will relate to all river 
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catchments similarly affected by runoff from large urban areas and subject to the effects 
of illegal storm overflows, misconnections and illegal trade effiuent discharges. This 
will be particularly useful in assessing the ecological impact of urban runoff for quality 
assessment under the Water Framework Directive (2000/60IEC), as described in Section 
3.11. 
3.1 The River Avon catchment 
The 100 mile-long River Avon in Warwickshire (Figure 3.1) rises as a tiny stream 
trickling from the 185m contour near the centre of the village of Naseby, in the 
Northamptonshire uplands; a long continuation of the Jurassic ridge of Limestone, 
which reaches from the Humber to the Dorset Coast (Kolsky, 1998). Just south of 
Kilworth the river turns sharply southwest to Stanford Reservoir, which is used by 
Severn Trent Water Ltd for potable supply. As it passes into Rugby at Brownsover the 
river has fallen only 4m in the last 5.6 kilometres (Kolsky, 1998). Before it runs 
through the improved flood defence features of the Brownsover floodplain, it is again 
abstracted for potable supply by Severn Trent Water Ltd. The rural river is then 
transformed by the addition of the Clifton Brook and the River Swift into a fast flowing 
urban river with a moderate degree of treated sewage and trade effiuents. It then 
receives 18,670 m3 per day (dry weather flow) of treated sewage effluent from Rugby 
(Newbold) STW. Above the confluence with the River Sowe at Stare Bridge, buih in 
medieval times, there are healthy populations of Brown Trout. The watercourse reaches 
the National Agricultural Centre, and is joined by the River Sowe catchment (see 
Section 3.1). The River Avon becomes deeper and darker, forming a series of deep 
pools, and receives treated sewage effl.uents from a number of hotels before reaching the 
Saxon Mill restaurant at Guy's Cliffe. This is the location of the Saxon Mill continuous 
quality monitor, which was taken out of service in 2003, and the site of fish mortality in 
previous years due to oxygen depletion following summer stonn events, as discussed in 
Section 3.6. The River flows on through Stratford, Evesham and Pershore (being used 
for agricultural abstraction, navigation and recreational purposes), to join the River 
Severn at Tewkesbury, taking on board the Rivers Leam, Stour and Arrow as it goes. At 
Purton river water is abstracted to feed the Gloucester and Sharpness canal, which, in 
tum, is used as a potable water supply by the Bristol Water Company. 
Figure 3.1 The River Avon Catchment (after Kolsky, 1998) 
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3.2 The River Sowe and River Sherbourne Catchments 
Coventry is drained by the River Sowe catchment, which consists of the River Sowe, the 
smaller River Sherbourne and a number of feeder streams as shown in Figure 3.2: 
Figure 3.2 Diagrammatic Representation of the River Sowe Catchment 
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The River Sowe takes both rural and urban drainage to the north and east of the City, 
whilst the River Sherbourne flows from rural areas to the West of the City, to become a 
3 kilometre culverted stretch passing directly under the City centre. The River 
Sherbourne is open for 10 metres in the middle of this culverted stretch at a site known 
as The Burges. Above this point the cu]verted Radford brook joins the system whilst 
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immediately below The Burges the far-reaching river culverts, known as Springfield 
Brook and Swan Lane culvert, contribute mostly industrial and urban runoff to the 
system. In addition there are several major (unnamed) surface water drainage systems 
with evidence (in the form of sewer rags, faeces and paper) of foul sewage content. 
There are no known Combined Sewer Overflows (CSOs) discharging to the culverted 
watercourses draining to the River Sherbourne. 
Up until October 2000, there were six CSOs with Consents to Discharge issued under 
the Water Resources Act 1991 (HMSO, 1991) at Albany Road, discharging to a surface 
water sewer, and thence to the river, immediately above the culverted section at 
Meadow Street as discussed in Section 3.2. This system has undergone separate 
intensive monitoring during the initial stages of this project and, as a result (and at a cost 
of over £400,000), Severn Trent Ltd have now installed an improvement scheme that 
requires only one high-level overflow for flood relief at this point. This remedial work 
will improve storm water quality in the River Sherbourne in both the short and long 
terms, and was carried out by Severn Trent Water during September and October 2000. 
The Hall Brook culvert, which drains to the River Sowe to the north of the City, collects 
industrial and urban runoff but has no Consented CSOs or industrial discharges. 
Minewater from Coventry Colliery discharged to this culvert until 1996. 
The River Sherbourne joins the River Sowe adjacent to the A4S Birmingham Road, 
before passing through Coventry Golf Club at Finham. Coventry Sewage Treatment 
PIant discharges up to 9OMld-1 of treated sewage effluent into the river immediately 
downstream of the Finham Brook confluence. There were Environment Agency 
continuous water quality stations, at Stoneleigh on the River Sowe, and at Saxon Millon 
the River Avon as shown in Figure 3.2. The station at Stoneleigh could also record river 
flows. Both water quality monitoring stations were decommissioned in September 2003. 
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3.3 Routine water Quality (General Quality Assessment) sampling 
Before investigating the quality of the watercourses in the River Sowe catchment using 
continuous monitoring and automatic samplers, it is important to identify the current 
routine General Quality Assessment programme (GQA) carried out by the Environment 
Agency in the area, and consider the reported data from this occasional spot sampling 
methodology, as given in Table 3.1. The Rivers Sowe and Sherbourne, and some of their 
tributaries, were spot sampled 12 times per annum by the Environment Agency, to 
determine the quality of the watercourses over a three-year rolling period. The River 
Sowe catchment has ten General Quality Assessment (GQA) points regularly sampled 
by the Environment Agency for water quality and biological assessment, as shown in 
Figure 3.3. The results for routine sampling by the National Rivers Authority and 
Environment Agency, between 1995 and 2002, for the River Sowe and River 
Sherbourne are given in Table 3.1. The results for the River Avon, above and below the 
confluence with the River Sowe, are given in Table 3.2. The results show an 
improvement in water quality on all of the river stretches monitored by this study. The 
quality of the River Sherbourne and Pickford Brook (Figure 3.2) above the study area 
for this research have deteriorated, mainly due to discharges by private sewage 
treatment plants receiving inadequate dilution from low river flows. A representation of 
the improvements in water quality downstream of the research area following removal 
of the Albany Road combined sewer overflows, and remediation of identified 
intermittent sewage and trade eflluent discharges in associated drainage systems, is 
given in Figure 3.4. The biological results for upstream and downstream of the City 
(Figures 3.5 and 3.6) show an improvement in the numbers for each species but do not 
show a significant increase in the diversity at each site. This may be due to the physical 
restrictions and 'flashy' flow regime in the culverted watercourse. 
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Figure 3.3 GQA sampling points in the River Sowe catchment 
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Table 3.1 GQA Results for the River Sowe and River Sherbourne 1995-2002 -
Watercourse Site 1995 1998 2000 
chemical biological chemical biological chemical biological 
Pickford Brook Holyhead Road C 0 D l C ( 
R.Sherbourne Kingsbury Rd C D E - B 0 
R.Sherbourne RudgeRd D -) D B 
R.Sherbourne Charterhouse D D I B 
Hall Brook Manor Farm E 0 E 0 E D 
Hall Brook Confluence R.Sowe D C C 
RSowe Astley Ln Bedworth E 1 E [ C I 
RSowe School Ln Exhall C 0 C - c r 
R.Sowe DS Hall Brook conf. C C B . 
RSowe Tackford Bridge D C - B 
RSowe Binley Rd Bridge C C B 
R.Sowe A45 Road Bridge C C B 
RSowe Baginton Mill C I C B 
RSowe Stoneleigh E E D <-
Finham Brook Common Lane B B B C A B 
Finham Brook Finham Bridge B <- B B A B 
Canley Brook Sir Henry Parkes Rd C l- e I B D 
Canley Brook Coventry Road C B B l B 0 
Withy Brook High Bridge B l B ( B B 
Smite Brook DS Monks Kirby C l C ( C C 
Smite Brook B4029 Road Bridge B B B - B 1\ 
Smite Brook Coombe Abbey C B C C C C 
Smite Brook Confl. with RSowe C ( D C D D 
D Denotes GQA stretches impacted by this investigatIon 
2001 2002 Comments 
chemical biological chemical biological 
D NOI",,,lIuhk E "101 1\ Jliahlc US ofRSherbourne 
C i'<ot itv,lilahk C ~OI d\ IIlahl, No bio impact 
B I ~,,~ilal B :\ lila: ' US of city centre 
B -Hlld B \ liial DS of city centre 
D .()I J\,i\llarl D ( u\..1llal 
C 111;1 C I .;'vlll~l 
D iOl" 'lilahk D 01 a\aliahlc Upper reaches 
c Not avaliable B Nol available US of Coventry 
B l\Jilal B It 3\ii:..'J.t 
B 1\ lilal B ~\'~ . .llie 
B ]\Jllal B ,m:: . .!!>1 
B ~\ Jllai B n\·alial US R.Sherbourne 
B ~valld B ,W,Hlli US Coventry STW 
C aVJlld B ,lVlIIlal DS Coventry STW 
A Nol a\"liahk B ~n i-l\allahk To RSowe 
A 101 avail"hk B 'lUi I.l\ .ulahh: DS CSOs 
B .... "-ll dVOlhlhll B ,1\,lllahl Industrial area 
A ,.,1 ::tvutlilh!l' A .\' f.\"mio:lh ToR.Sowe 
B >l avall.lnk B .( cn':. ,ltlt.: To RSowe 
C \(,I,l\allahk C 1\.,101 a\":: ~ahk DS Monks KirbySTW 
B J a,,"1al1k B ;\,nl J\ atlal'k 
B Not a\ailablc B I ~Ol iJ\ ~lIl~lhk Fishing lake I algae 
D 01 .1\3J1ahlC D ~'nt u\ ,-ilahh.. ToR.Sowe 
Table 3.2 GQA Results for tbe River Avon above and below the River Sowe input. 1995-2002 
Site 
Description 
1995 1998 2000 2001 2002 Comments 
chemical biological chemical biological chemical biological chemical biological chemical biological 
R.Avon ASOWelford B ( B ( B B B ~ot ill t1labk B "01 ali,ihI, U/S R.Sowe confluence 
R.Avon Clifton B B C B B ( B 1\ J\'aliahk B .1 a\"lij~ U/S R.Sowe confluence 
R.Avon A von Mill Rugby B C B - B ( C \:nt u\allahk C 1{1 3\ aJ lahl, VIS R.Sowe confluence 
R.Avon Newbold C 0 C ( B ( B "Jill a\cdliJhn .. B 'ot a\ mlahk: VIS R.Sowe confluence 
R.Avon Stare Bridge B C B C B A B 'u , :lJ!:ll,k' B ' ;01 i.t\ Illal 1 11 VIS R.Sowe confluence 
R.Avon Stoneleigh park D E D C l B 11\ DIS R.Sowe confluence 
R.Avon Blackdown E E D r C J\ lilab B .lv.ul;lb DIS R.Sowe confluence 
R.Avon Leafields D ~ C ( C B {1\ l\aJlahll: B """llabl DIS R.Sowe confluence 
R.Avon Barford C C C B 
, .•.• ;I_L 
B avar'""'''' DIS R.Sowe confluence 
- ----- - - ----~-------- - -- -- -- - - -
The drainage from the River Sowe catchment enters the River Avon above Stoneleigh Park as indicated by line on Table 
D Denotes GQA stretches impacted by this investigation 
-o o 
The 2 main watercourses in Coventry were once highly polluted by eflluent discharges 
from major motor manufacturers and their suppliers, via direct discharges, 
misconnections to surface water sewers, and foul sewer overflows. Their water quality 
has improved considerably through pollution prevention, enforcement and education as 
shown in Table 4.2 (Chapter 4). Of the 21 GQA stretches in the City, 76% have 
improved in quality (16 sites) since 1996 (Environment Agency, 2002), with 2 stretches 
falling in quality due to algal problems, and 2 stretches remaining the same. Over 60% 
of classified watercourses in Coventry were assessed as 'fairly good' or class C in the 
2000 water quality report (Environment Agency, 2000), and it should not be 
unreasonable that this level of quality is achieved in the large number of minor culverted 
watercourses and surface water drainage systems. In the GQA programme of 
monitoring, a Class C watercourse would be expected to achjeve the minimum quality 
standards as shown in Table 2.7, over a 3-year rolling period of approximately 36 spot 
samples (Section 2.4.2). 
Figure 3.4 Water Quality Improvements in the study area over time 
(Environment Agency data, 1995-2002) 
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Figure 3.5 Biological Quality River Sherbourne at Spon End 
(Upstream of City) 1999-2000 (Environment Agency data) 
Spon End Site- upstream of City (SP 3251078900) 
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Figure 3.6 Biological Quality River Sherbourne at Charterhouse 
(Downstream of City) 1999-2001 (Environment Agency data) 
Charterhouse Site - downstream of City (SP 3441078190) 
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The General Quality Assessment standards relate to percentile values obtained from 12 
observations per annum taken by spot sampling over a 3-year period. In this 
investigation, the process of continuous monitoring involved the measurement of 
determinands at a frequency of four readings per hour, over a period, usually, of up to 14 
days. The greater number of results will reduce the statistical error in comparison to a 
relatively small population of 36 spot samples as used in the GQA assessment. It is 
assumed therefore that data collected for significant events by continuous monitoring 
would equate to the 10-percentile or 90-percentile values that would normally calculated 
for DO saturation or ammonium concentration respectively, from the results of routine 
sampling over 3 years. The benchmark levels of less than 60 percent saturation for DO 
and greater than 1.3 mg rl ammonium (as N) were therefore used as absolute limits to 
identify unsatisfactory water quality for the purposes of comparison within this study. 
This measure of contamination was used to identify stretches of culvert or surface 
drainage system where detailed investigation by further monitoring, or by physical 
(intrusive) tracing techniques such as CeTV and dye tracing of specific properties, was 
required (Section 4.2). 
3.4 Historical aspects of Coventry drainage 
Following rapid growth in the 19th Century the R. Sherbourne was polluted by the 
residential and industrial areas that followed the course of the river, with factories and 
the general public using it as a freshwater source and as a sewer. In 1830 Coventry was 
a small, dirty town surrounded by pastures with 5887 inhabited houses (prest, 1960). In 
1844 an Artesian well was constructed in Spon End near to the River Sherbourne and a 
network of mains water supplies were completed in 1847. In the absence of a sewerage 
system until the 1850s, the river was used for dumping sewage and many of the 
properties had inadequate and overflowing cesspits. 
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A sewer followed provision of a water supply after Coventry fonned a Local Board of 
Health, which met for the first time in August 1849. The following year the Ordnance 
survey mapped the area and plans were made for an arterial system of sewers to serve 
every street in the town. By the mid 1850s, a full time Inspector for the Coventry Board 
of Health was appointed, and as a result of his work and the provision of sewerage to the 
town, the death rate fell from 27 per thousand to 23 per thousand in just a few years 
(Prest, 1960). The Whitley sewage works was also established at this time, but by the 
1890s the works was seriously overstretched, and between 1890 and 1900 several 
thousand pounds were paid in damages and costs by Coventry Corporation as the 
eftluent became worse, polluting the River Sherbourne, and, in tum, the River Sowe and 
River Avon (Smith, 1946). 
A new and larger sewage works was required which could be reached by gravitation, 
and after several aborted attempts, a number of local inquiries, and even more writs 
served upon the corporation, a sewage farm was constructed at Baginton, with sewage 
first applied to the land in 1901. The Ordnance Survey map for Coventry dated 1905 (A. 
Godfrey, 1996) shows a cattle market situated over the river, and the Corporation 
stables, silk and cotton mills and the many early cycle and motor cycle factories nestling 
in the river corridor along with the Public Swimming baths and Abattoir. The river at 
this time was open along its length, and whilst the water was probably used for 
supplying process water to the sites, it was undoubtedly used for trade eftluent disposal 
as well. The rapid rise in the population of Coventry, and the requirement to include the 
treatment of trade effluents, including gas production liquors from the Coventry gas 
works site at Gas Street! Abbots Lane, soon meant that the River Sowe was again 
suffering from the effects of poor eftluent discharged from the inadequacy of treatment 
by the sewage farm. A replacement sewage treatment plant was constructed in around 
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1934, at Finham, on the outskirts of Coventry as shown in Figure 1.1. Though post-war 
increases in the population of Coventry and the manufacturing growth which gave rise 
to increased trade eftluent production has led to a number of additions to the Sewage 
treatment works at Finham in Coventry, the requirement became focused on improved 
eftluent quality rather than increased treatment capacity, and a demand for minimal 
environmental impact on the environment led to an appreciation of the seasonal 
problems still apparent in the River Avon and a driver for improvement under the AMP 
(Asset Management Plan) scheme as detailed in Section 3.2.1. 
Coventry currently has an inner ring road system and a partially pedestrianised city 
centre, as shown in figure 3.7, which will become more accessible to pedestrians, (and 
consequently less accessible to vehicle users) over the next 10 years (Coventry City 
Council Urban Design Study Final Report 571, February 1999). The importance of 
impervious areas, and their impact on urban runoff is discussed in Section 2.2.1. 
Because of the extensive catchment area of urban drainage discharging to the River 
Sherbourne, it is unlikely that pedestrianisation of the inner city area will significantly 
reduce the total pollutant load to the watercourse, unless porous surfaces are introduced, 
and vehicle use in the city is significantly reduced as a result of the development. 
3.5 The Historical aspects of the Albany Road Combined Sewer Overflows and 
early water quality problems 
In December 1991 Severn Trent identified the existence of six combined sewer 
overflows located on Albany Road, as shown in Figure 4.10, requiring conditional 
Consent to discharge to controlled waters under the newly enacted Water Resources 
Act, 1991. In 1983 a major capital scheme had provided replacement foul and surface 
water sewers in the Albany Road area, including a 1125mm diameter sewer to relieve 
overloading the Albany Road sewer and six overflows on the combined 450mm 
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diameter sewer, discharging to the adjacent surface water sewer to outfall to the River 
Sherbourne at one point. Non-conditional temporary consents under the Water Act 1989 
had been applied for by Severn Trent Water Authority, and granted by the Department 
of the Environment on a block basis, to include the sites at Albany Road (though listed 
as discharging to the River Sherwood) in 1989. The Environment Agency's predecessor, 
the National Rivers Authority (NRA), issued time limited conditional consents under the 
Water Resources Act, 1991 on 16 July 1992. The consents stated discharge of storm 
sewage only above a specified rate of flow arriving at the storm overflow weir (NRA, 
1991) and the water company duly appealed Condition 4, (which had imposed a time 
limitation on achieving the required overflow settings by 1 July 1995), on the grounds 
that the condition was unnecessary and could not be complied with at reasonable cost. 
In March 1993, the Earlsdon Drainage Area Study (DAS) (DHV Burrow-Crocker 
Consultants, 1993) (L-921-05) was completed, which identified that the six combined 
sewer overflows, referenced SOL-921-05-01 to SOL-05-07, located in Albany Road, 
Coventry were operating under the conditions required by the 1992 consents. The 
sewerage area, known as the Earlsdon North Drainage Area, was reported as being 
partially separate, serving a population of 16000. The overflows discharged to the 
adjacent surface water sewer, outfalling to the River Sherbourne at Hope Street as 
shown in Figure 4.10. Continuing concerns over the quality of the watercourse and the 
suspected impact from the storm overflows (which could not be easily monitored or 
controlled individually), led to the National Rivers Authority requesting that the 
overflows were removed. As a way to progress the appeal, the National Rivers 
Authority reviewed the consents in November 1994, but maintained that the proposed 
conditions were correct, and in addition, requested the provision of debris screening on 
all storm overflows. 
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General Quality Assessment results in 1995 identified a failing stretch of watercourse 
for the River Sherbourne between Queen Victoria Road, at the top end of the culverted 
section, and the confluence with the River Sowe. The sample point for this assessment 
was at the bottom end of the culvert at Charterhouse. The River Quality objective at this 
point was class C, but the chemical quality was recorded as class D, with the Biological 
quality denoted as class E. The stretch of the River Sherbourne above this (from 
Kingsbury Road on the outskirts of Coventry and Queen Victoria Road) was also 
considered as a failing watercourse at class D. This stretch was sampled downstream of 
the Hope Street outfall. Visual inspection of the river identified sewage debris at the 
outfall and along the banks of the river, and it was suspected that the Albany Road 
sewer overflows were unsatisfactory, and having a major impact on the watercourse 
downstream of the culvert. The routine spot sampling did not reflect this in terms of 
ammonium concentration sampled, but Biochemical Oxygen Demand (BOD) results 
within the routine monthly sampling programme at Rudge Road were as given in Table 
3.3: 
Table 3.3 Biochemical Oxygen Demand during early monitoring at Rudge Road 
(National River Authority, 1995) 
Date BOD (mg I-I) 
05101193 7.0 
02/09/93 >19 
01109194 8.0 
27/04/95 6.0 
The 1995 water quality report (NRA, 1995) gave a 90-percentile figure of 6.39 mg rl for 
BOD at Rudge Road. The figures for Charterhouse were also poor with a BOD 90-
percentile concentration of 6.3 mg rl. The individual monitoring results for 
Charterhouse, are reported in Table 3.4: 
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Table 3.4 Biochemical Oxygen Demand Values during early monitoring at 
Charterhouse (National River Authority, 1995) 
Date BOD (mg I-I) 
05/01193 13.0 
01109/94 9.0 
04/01195 >16.0 
In 1996 one of the overflows was closed, and although the River Sherbourne was out of 
class, the overflows did not feature in the priority list for the Asset Management Plan 
1995-2000 (AMP3). Time limited consents issued by the National Rivers Authority 
expired in July 1995. In 1996 the Water Company applied for five new consents. Water 
quality monitors were installed in the watercourse in late 1996 and early 1997, as 
discussed in Section 4.4.1, to assess what impact the overflows were having, and the 
results are given in Section 5.2. The surveys showed peaks in ammonia of >5 mg rl 
downstream of the outfall, against values of less than 1.5 mg rl upstream, and Dissolved 
Oxygen sags immediately downstream reSUlting in <20% saturation, with 0% saturation 
recorded at Charterhouse 3 Ian away. Complaints from residents in the vicinity of the 
outfall and downstream river continued, reporting smells of sewage following 
significant storm events. The Environment Agency commissioned a detailed review of 
the Earlsdon DAS in late 1996, following an application by the Water Company for 
permanent discharge consents, and concluded that the figures anived at in the DAS, and 
submitted in the applications, had errors. The applications were consequently 
resubmitted correctly. 
As a result of the water quality investigations, the Environment Agency concluded that 
the overflows were unsatisfactory as defmed in the consenting manual (NRA, 1991), 
and gave time limited consents lasting only until 31 March 2000, so that they could be 
placed on the Asset Management Plan 2000-2005 (AMP3) high priority list for removal 
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or replacement. In light of this decision, the evidence produced, and the availability of 
'extra spend' money available under AMP3, the scheme to remove the storm overflows 
was proposed by the Environment Agency and approved by Severn Trent Water Ltd. by 
December 1997, with a proposed completion date of March 2000. In the General 
Quality Assessment of 1998 (Environment Agency, 1998) conditions at the Rudge Road 
site improved to class C, but the GQA assessment site at Charter house remained at class 
D with biological quality reported as class E. At Charterhouse a 90-percentile BOD 
concentration of 6.53 mg rl was recorded, and complaints relating to smell nuisance and 
sewage debris continued. It was not known whether the failing watercourse was affected 
by domestic misconnections, leaking sewers, illegal industrial effiuents or the 
unsatisfactory operation of legal, permitted, sewage overflows located in the vicinity. 
The fact that the biological quality of the river at Charterhouse, below the City, was very 
poor, and was not represented in the reported chemical quality at the site, indicated an 
intermittent problem that had not generally been identified in the monthly spot sampling 
method employed by the Environment Agency. In early 1999 the Water Company 
suggested that removal of all of the overflows was not cost effective, and suggested that 
the complex scheme would not be completed in March 2000. The Environment Agency 
extended the period of consent on all of the storm overflows to September 2000, but 
would not relent further on extending the implementation of a scheme to improve the 
situation. It was still considered that all, or some, of the five remaining CSOS located at 
Albany Road were unsatisfactory, and it was suspected that one or more of the culverted 
watercourses draining to the culverted River Sherbourne were also contaminated. Strong 
evidence was required to address the problem with the sewerage undertaker; to 
investigate operating conditions of the combined sewer overflows further, and address 
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any unknown combined sewer overflows or leaking foul drainage systems elsewhere in 
the City. 
Although the GQA failures identified above related to analysis of Biochemical Oxygen 
Demand (not ammonia concentration, which at the time did not have an identified 
acceptance level for the River Sherbourne), sampling or continuous monitoring for 
Biochemical Oxygen Demand was not viable in terms of cost or practicality. 
Identifying features of sewage contamination were well known (Klein, 1972; UPM 
FRlCL 0002, 1994), and it was decided to monitor ammonium levels, specific 
conductivity, dissolved oxygen and pH, to investigate whether sewage or industrial 
discharges were impacting upon the water quality of the watercourse. The monitoring 
data collected was presented to Severn Trent Water Limited and the Regional Water 
Quality department of the Environment Agency, and a submission under the Asset 
Management Programme was eventually agreed. A scheme to replace the combined 
sewer overflows with one high level overflow, and the use of an adjacent storm sewer as 
an additional foul sewer, was eventually proposed and agreed, as shown in Figure 3.8. 
The increased flow carried on for full treatment would add to the problems experienced 
with storm overflow spillage at Finham Sewage treatment Works, but this additional 
volume was incorporated into the calculations for the proposed development at the site 
as discussed in Section 3.7. 
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Figure 3.S. Proposed remediation scheme for Albany Road CSOS. (Haswell, 1979) 
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3.6 Seasonal problems in the Sowe and Avon Catchments 
During the 1990s, until the recent refurbishment of Coventry Sewage Treatment Works, 
DO levels were reduced to below 10% saturation following summer storms, particularly 
after a spell of hot, dry weather. In the summer of 1994, oxygen levels fell to 11% 
saturation (1 mg r l) at Saxon Mill and several hundred fish died as a result. The 
remaining fish were rescued for removal to private pools, and the water was aerated at 
strategic points along the river. Each year during July and August the River Avon was 
monitored daily for oxygen depletion, and aeration equipment deployed as a 
precautionary measure following storms. On 22 August 1996 over 500 fish died as a 
result of a storm 2 days previously, and saturated oxygen levels fell to a minimum of 0% 
saturation at Saxon Mill as shown in Figure 3.9; 
Figure 3.9 Dissolved Oxygen (percentage saturation) levels in the River Avon at 
Saxon Mill following a storm event on 20 August 1996 (arrowed) (Environment 
Agency, 1996) 
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The oxygen depletion lasted for up to 12 hours, and it was recognised that the 
combination of sewage effluent discharging at full flow (and maximum consent 
conditions), allied with otherwise untreated settled storm sewage discharges from the 
sewage works and the impact of the Coventry City drainage system. had a cumulative 
effect in polluting the River Avon with a high BOD and high ammonia 'plug' of 
effluent. In the deep waters of the River Avon above the weir at Saxon Mill this had the 
effect of producing an oxygen sag. as shown in Figure 2.4 and discussed in Section 
2.3 .1. The situation required immediate action. and led to the Sowe catchment Urban 
Pollution Management study (Clifforde & Williams. 1997) discussed in the next section. 
3.7 Sowe catchment UPM Methodology 
Major reconstruction of the Coventry (Finham) Sewage Treatment Works was 
progressed within the Asset Management Plan (AMP 2) programme (NRA. 1993) to 
improve the treated sewage effluent quality, and address the problem of unsatisfactory 
discharges from stormwater tanks to the River Sowe. The site is situated at Stoneleigh to 
the South West of Coventry adjacent to the River Sowe and Finham Brook as shown in 
Figures 3.1 and 3.3. The improvement work involved the replacement of bacteria beds at 
the sewage treatment plant, with activated sludge plants, and the introduction of a new 
stormwater holding tank on the Sowe Valley sewer inlet. An Urban Pollution 
Management (UPM) study (Clifforde & Williams, 1997) was undertaken to assess the 
flows and loads discharged from Finham STW both before and following the planned 
reconstruction. The impact of these STW discharges on the Rivers Sowe and Avon was 
assessed in both long-term, percentile terms (compatible with existing river quality 
objectives). and short-term storm impacts by the use of 36 data collection sites on the 
sewage works and adjacent open watercourses. Three dry weather events and three 
storm events were captured with a total of 4000 samples analysed. 
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3.8 Sowe catchment UPM Results, Conclusions and Recommendations 
The UPM study predicted that modifications in treatment at the sewage treatment works 
would result in major improvement of watercourses below the etlluent outfalls at 
Stoneleigh (Clifforde & Williams, 1997). Modelling results indicated that annual loads 
of all of the major pollutants were reduced: Biochemical Oxygen Demand was typically 
reduced by 59%, ammonia by 41 % and suspended solids by 10%. Dissolved oxygen 
levels were generally shown as higher following construction of the new works, and 
storm events typically start from, and return to, an improved position in this respect. 
The results of the UPM study suggested that the sewage works pre-construction 
contributed more than half of the BOD load in the River Sowe. The prediction for post-
construction was that this woul~ at best, fall to a quarter of the load. The results of 2 
storm events monitored during the study on 27 October and 3 December 1996, suggested 
contribution budgets for BOD, ammonia, and suspended solids that presented a significant 
input by the River Sowe catchment above the sewage treatment works, as shown in Table 
3.5. 
The results suggested that further investigation of the upstream contribution was 
required to understand and improve the problems of low dissolved oxygen and high 
ammonia concentrations as already discussed in Section 3.6. Chapter 4 explains how the 
quality of the urban River Sowe catchment (and in particular the River Sherbourne 
drainage through the City of Coventry), was investigated using conventional spot 
sampling methods, and by the use of continuous monitors, to determine the contribution 
of pollutants in the urban river system, to the problems identified downstream in the 
River Avon. 
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Table 3.5: Comparison of Inputs from Finham Sewage Treatment Works and 
other upstream sources. (modified after Foundation/or Water Research, 1998.) 
Event 27110/96 Event 3/12196 Average 
Load (kg) % Total Load (kg) % Total % 
BOD 
STW eff/storm 1239 41 1619 46 43 
R.Sowe (uts) 636 21 760 21 21 
Finham Brook 253 8 318 9 9 
Total 3014 3547 
(Sowe dis) 
AMMONIA 
STWefflstorm 440 114 858 82 88 
R.Sowe (uts) 38 10 73 7 8 
Finham Brook 19 5 28 3 4 
Total 386 1051 
(Sowe dis) 
S.SOLIDS 
STWefflstorm - - 1810 4 4 
R.Sowe (uts) - - 22194 44 44 
Finham Brook - - 8221 16 16 
Total 
(Sowe dis) - - 50598 
Key to table: 
eff etlluent DS downstream STW sewage treatment works 
US upstream S. SOLIDS suspended solids 
3.9 Water Quality Improvements in The River Avon Catchment 
As a result of improvements to Coventry (Finbam) Sewage Treatment Works, and the 
removal of identified continuous and intermittent polluting discharges in the River 
Sherbourne (and surface water drainage systems) (Chapters 5 and 6). the problem 
relating to high ammonium concentrations and low DO saturation experienced each year 
in the River Avon at Saxon Mill (Section 3.6) were diminished. The 00 saturation 
recorded in July each year between 1996 and 2000 increased significantly, and the 
concentration ofNIlt +(N) decreased. The results are given in Figures 3.10 and 3.11. 
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Later results were not available due to the closure and subsequent decommissioning of 
the water quality monitor at Saxon Mill, as discussed in Section 3.2. 
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Figure 3.10a)- e) DO % saturation for July in the River Avon 1996-2000. 
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Figure 3.11a)- e) Ammonium concentration (mg r 1 NH4+(N» for July in the River Avon 1996-2000. 
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3.10 Air Quality in Coventry 
Coventry has a centrally located waste-to-fuel incinerator, a multitude of manufacturing 
industries and a major road network, (including an inner ring road), in the vicinity of the 
River Sherbourne. Pollution arising from industrial emissions, traffic exhausts and 
densely populated residential areas may be an important source of surface water 
contaminants passing to the City's watercourses during storm events. In Coventry the 
urban smogs or 'peasoupers', which led to 4000 additional premature deaths in London 
during the winter of 1952, have been all but eliminated. This success has been attributed 
to the Clean Air Acts of 1956 and 1968 (www.cityoflondon.gov.uk), and the 
introduction of 'smokeless zones', which cleaned up the main source of this kind of 
pollution from domestic coal burning. Urban areas such as the City of Coventry are 
increasingly full of motor traffic, and smoke from diesel engines has taken over from 
coal smoke in the United Kingdom as the major cause of blackening of building surfaces 
(Quality of Urban Air Group, 1993). In some areas coal burning in homes and industrial 
activities still lead to localised grit and dust problems (www.portfolio.mvm.ed.ac.uk) 
and the associated trace element contamination of soils and surfaces (Quality of Urban 
Air Group, 1993). The Homefrre Smokeless Fuel plant on the outskirts of Coventry 
ceased trading in the mid 1990s and most of the motor vehicle manufacturing plants 
have closed, or now have emissions to air regulated by Coventry City Council or the 
Environment Agency, under the Environment Protection Act, 1990. A number of 
companies, including Peugeot Ltd, as detailed in Section 2.2.3, operate vehicle-
manufacturing plants within the City, although production at the Jaguar Cars Brownshill 
Lane Jaguar plant has now ended. Metal fmishing is still carried out at a number of sites 
centrally, and on the outskirts of the City, and there is one small aluminium foundry 
located in the Hall Brook catchment to the North of Coventry. The largest point source 
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of pollutants in the centre of Coventry is the 'waste to energy' incinerator situated at Bar 
Road, adjacent to the River Sherbourne. The incinerator plant does not have any 
consented discharges to the River Sherbourne, but treated emissions to the air are 
controlled by a permit issued by the Environment Agency under the Pollution 
Prevention and Control Regulations (Pollution Prevention and Control (England and 
Wales) Regulations 2000 SI 1973), as required by the Integrated Pollution Prevention 
and Control Directive (IPPC 96/61IEC). The annual gaseous emission rates from this 
incinerator are published by the Environment Agency on their web site 
(www.environment-agency.gov.uk), and are summarised in Figure 3.12: 
Figure 3.12 Annual gaseous emissions from Coventry incinerator (data from 
Environment Agency web site - Pollution Inventory) 
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The results for heavy metals emissions from Coventry Incinerator, published as annual 
loadings (kg annum'l) in the Pollution Inventory on the Environment Agency website 
(www.environment-agency.gov.uk) are shown in Figure 3.13. 
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Figure 3.13 Annual heavy metal emissions from Coventry Incinerator (data from 
Environment Agency web site - Pollution Inventory) 
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The presence of metals in the atmosphere arising from the Coventry incinerator may be 
a factor in total metal concentrations found in some water quality spot samples, taken in 
the City over a number of years. Samples taken in this research from the River 
Sherbourne after remediation of the organic contamination sources, included analysis 
for total metals to determine whether metal concentrations were unusually high for an 
urban watercourse (based on reference to previous studies), and to identify the nature 
and possible sources of any heavy metals identified in the city centre culvert. 
3.11 Water Framework Directive - environmental pressures in the R.Sowe 
catchment. 
The main pressures identified for the Lower Severn area during the initial 
characterization of waterbodies by the Environment Agency (Section 2.6.1) are (in 
descending order of importance), non-point sources (as shown in Figure 3.14), alien 
species, nutrients from agriculture, morphological impacts arising from flood defence 
and urbanisation, and failure of sanitary determinands such as BOD, DO and NH3N (see 
Section 2.3). In the River Sowe catchment, urban runoff, sanitary determinand failure 
and non-point sources of Nand P were identified as significant pressures by the 
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Environment Agency usmg national datasets (Environment Agency, 2004) against 
achieving good status in both surface and groundwaters. Solvent contamination of 
Coventry groundwaters arising from historical use by heavy industry (Nazari et ai., 
1993) were also recognized as a risk to achieving good groundwater chemical status in 
the River Sowe catchment. The use of continuous monitors in the culverted 
watercourses (Chapters 4,6 and 7), and extensive drainage systems (Chapter 5), to 
remove or identifY both point and non-point sources, will assist in addressing the risk of 
failing the objective of good ecological status for the catchment (Water Framework 
Directive, 2000/60IEC), although derogations for the culverted River Sherbourne as a 
heavily modified watercourse could apply. 
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Figure 3.14 Risk Assessment for Pressure from non-point sources on surface 
waters in the Lower Severn Area (Environment Agency (not published), 2004) 
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3.12 Conclusions 
The population of Coventry has expanded rapidly around the Rivers Sowe and 
Sherbourne (Section 3.4), and subsequently increased the impact of resultant 
wastewaters on local streams and rivers. The proliferation of manufacturing companies 
weaving silk: to making cycles, and then vehicles, (with a short spell during the wars 
manufacturing aircraft and heavy armoury), has resulted in the development of an 
extensive foul water drainage system, (overloaded with surface runoff and groundwater 
infiltration in some areas), a proliferation of combined sewer overflows, and the 
development of a large sewage treatment facility on the outskirts of the town (Sections 
3.4 and 3.5). The removal of a number of combined sewer overflows and replacement 
by a new foul drainage system, was proposed by Coventry City Council in 1963, as a 
means of improving water quality in residential areas throughout the city. The transfer 
of storm sewage through combined sewers to a single point of treatment brought its own 
problems and the impact on the receiving Rivers Sowe and Avon became the subject of 
public concern (unpublished National Rivers Authority data, 1996), with fish mortality 
on an annual basis, as a result of oxygen depletion following summer storms and periods 
of low flow. The modelling required under the UPM scheme (FRlCL 0002. Foundation 
for Water Research, 1994) identified urban runoff problems arising from the city, 
upstream of the sewage works following storm events (Clifforde and Williams, 1997; 
Murrell et ai., 1998), and further investigation was suggested in the final report 
produced for the National Rivers Authority and Severn Trent Water (WRc Report No. 
UC 2973, March 1998). Though routine monitoring by the National Rivers Authority 
had previously identified poor quality stretches under the GQA scheme (Section 3.3), 
they did not identify the diffuse, intermittent and illegal sources giving rise to the 
deterioration in quality; hidden in the extensive surface water drainage system and 
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culverted watercourses. This research investigated the sources of urban pollution arising 
in these systems during dry periods and during storm events. An historical assessment of 
the impact ·and legal aspects of the overflows was undertaken with reference to water 
quality issues identified at the time (Section 3.5), and a period of monitoring the 
culverted River Sherbourne upstream and downstream of the Albany Road combined 
sewer overflows was instigated (results given in Chapters 6 and 7). The methodology for 
investigating the impact of these overflows and the use of continuous monitors to 
determine the nature and location of previously unidentified illegal and intermittent 
discharges to the surface drainage system is detailed in Chapter 4. 
The contribution of particulates to street dusts and sediments, and the potential for 
transport in watercourses, was discussed in Chapter 2 (Section 2.2.2). The emission 
results for Coventry incinerator (www.environment-agency.gov.uk), which is situated 
within the catchment of the River Sherbourne, are given in Section 3.10. The potential 
for these emissions to contribute to the runoff of pollutants is determined in Chapters 6 
and 7 and is discussed in Chapter 8. 
The information gathered from this research was used, in accordance with the aims and 
objectives given in Chapter 1, to justify the removal of unsatisfactory storm overflows, 
locate the exact discharge point of unknown illegal pollution sources, and determine 
whether the resultant water quality requires further improvement, to meet water quality 
standards for current and future uses of the Rivers Sherbourne, Sowe and Avon. As 
discussed in Section 3.11, this information will assist the Environment Agency in 
tackling the pressures associated with urban runoff, sanitary determinand failure and 
non-point source pollution identified in the preliminary characterisation of risks to water 
bodies, as required under the Water Framework Directive (2000/60/EC). 
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Chapter 4. Urban runoff in the River Sowe catchment. 
Introduction 
Chapter 3 described the historical factors leading to a serious deoxygenation problem in 
the River Avon downstream of the Coventry drainage area, and identified that further 
monitoring was necessary to identifY the unknown sources of pollutants, both 
continuous and intermittent, leading to poor water quality in the area. This chapter 
describes how watercourses were prioritised for continuous monitoring, and how the 
technology was used in surface water drainage systems and culverted watercourses to 
identifY illegal discharges, in an effective and efficient manner. Section 4.1 considers 
reductions in spot sampling for routine GQA assessment by the Environment Agency, 
and Section 4.2 suggests an alternative methodology for investigating water quality in 
urban watercourses, using continuous water quality monitors during storm events and in 
dry weather, and for their utilisation in confmed drainage systems. The methodology 
will define how three phases of investigation were used to satisfY the five objectives 
outlined in Chapter 1, and identifY the practical difficulties, successes and limitations of 
the monitoring equipment used, as described in Sections 4.2.1 and 4.6. The chapter 
outlines monitoring locations and Health and Safety considerations for utilisation of the 
continuous water quality monitors, and automatic samplers, and identifies the range of 
parameters used to investigate the pollutants arising from urban runoff in the targeted 
areas. 
4.1 Problems previously identified in the River Sowe catchment - the way forward. 
Reports to the Regulatory bodies regarding pollution incidents in Coventry have, since 
records began, involved chemical spillages, leaking oil tanks, fireS, illegal trade effluent 
discharges, visible sewage debris, discoloured water and river beds, algal blooms and 
dead fish. This information identified that the culverted watercourses and surface water 
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systems in the area were prone to polluting discharges arising from poor pollution 
prevention measures, illegal discharges and antiquated drainage systems and 
misconnections. As a result of the large number of reported pollution investigations in 
the city, the requirement to control trade effluent discharges and maintenance of the 
sewerage assets, the surface water, combined and foul sewerage systems in Coventry 
have been extensively mapped and improved by the Severn Trent Water Ltd and it's 
sewerage agents, Coventry City Council. With the construction of a single Sewage 
Treatment Works at Finham downstream of the City, and over 26 combined sewer 
overflows being identified and removed (or identified for removal) in 1963 by Coventry 
City Council, as identified in Section 3.4, the integrity of the sewerage system has 
improved, but the problem of pollution from persistent illegal and intermittent 
discharges, particularly during storm events, as identified in Table 3.5, remains. 
Routine spot sampling frequencies have been progressively reduced by the National 
Rivers Authority and subsequently the Environment Agency since 1991 as part of 
efficiency measures, and the practice of sampling all surface water sewer outfalls of 
over 300mm diameter, to identifY specific drainage systems with pollution problems, in 
the City ended in the early 1990s due to reprioritisation of resources. The annual water 
quality reports produced by the Environment Agency (1997 -2002) detail the results of 
the General Quality Assessment (GQA) (see Section 2.4.2), for sites sampled in 
progressively fewer and longer stretches of watercourse, as discussed in Chapter 2. 
Initially many of the monitored sites gave poor results due to unknown contamination 
sources at the commencement of this study (Environment Agency 1997). Waste 
Management issues stretched the resources of the newly formed multifunctional 
Environment Agency Pollution Control teams and proactive pollution prevention visits 
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and reactive incident response became the principal methods of tackling the problem of 
failing watercourses in the City. 
At the beginning of this investigation, multi-probe water quality monitors were considered 
costly by the regulatory bodies, and impractical for general day-to-day use, and were only 
employed by consultants and specialists as part of expensive projects with pre-defined 
budgets, such as Urban Pollution Monitoring studies. The Water Companies were also 
wary of taking on the available portable technology, and it was reported that DO probes 
were prone to fouling. Although improved instruments were available, they were 
expensive and had a high cost of ownership, requiring a degree of expert attention that 
was too high for the water industry (Scott 1998). Their application in the Environment 
Agency was therefore restricted to monitoring sewage eftluent impacts in open 
watercourses such as the River Avon. Spot samples, routine (GQA) analysis and the use 
of physical obstructions, such as barbed wire strands placed strategically into the surfilce 
water sewers, were the tools commonly used to identity and remove intermittent 
pollutions. 
This investigation considered the deployment of continuous water quality monitors to 
proactively fmd, and remove, the sources of organic pollution in urban sewerage 
systems contributing to pollution problems downstream of the City in the River Avon. 
The report seeks to identity the problems encountered in carrying out such a detailed 
practical investigation of contamination associated with urban runoff, and discusses the 
potential for a wider adoption of this approach. Many of the pollution problem areas 
identified in the project will have been addressed by necessity, or removed by 
enforcement, and most of the predictions concerning an improvement in water quality or 
a return to base contaminant concentrations will have been proven at an early stage. The 
deployment of multiple mobile continuous monitors offers a novel application of UPM 
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methodology into surface water systems that is not currently routinely employed by the 
Environment Agency with its limited resources, and may be particularly useful in areas 
where routine spot sampling for quality purposes is being steadily decreased, unless 
warranted by discharge consents or specific European legislation. The practical nature of 
the research highlights the benefits of using continuous monitors to identify actual 
quality variation and trends, against the use of theoretical models, based on time-series 
rainfall and hypothetical sources of contaminants presented in convenient 'blocks' and 
'packages'. The use of models may allow improvement of known point source 
discharges, but will not identify the impact of illegal industrial trade effluents, 
misconnections and the presence of unknown cross sewer connections and sewer 
overflows. This Chapter also identifies the limitations and practical difficulties of using 
continuous monitoring in urban drainage systems (Section 4.7.1). 
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4.2 Methodology. 
To continuously monitor every storm event at all of the points used by the Environment 
Agency for routine GQA spot sample monitoring (Section 4.1) would be resource 
intensive, impractical and of little benefit to this study. Three phases of investigation 
were carried out therefore, to identifY the open watercourses, drainage systems and 
culverted streams which would benefit most from intensive research. The programme of 
investigation was divided into 3 phases to test the hypotheses (section 1.4), and meet the 
objectives (Section 1.5) as follows: 
Phase I: The initial determination of culverted watercourses within the River Sowe 
catchment identified as problematic or potentially containing foul sewerage and illegal 
trade eft1uent misconnections using historical water quality data and short periods of 
continuous monitoring on open watercourses, as detailed in Section 4.2.1. This phase 
will satisfy objectives 1 and 2, as detailed in section 1.5. 
Phase 2; The initial assessment using continuous water quality monitors, of wet weather 
and dry weather quality in the Culverted and open sections of the River Sherbourne 
associated with poor GQA results downstream of six combined sewer overflows 
(Section 4.2.2) at Albany Road, which were suspected by the Environment Agency of 
unsatisfactory operation. This phase also satisfies objective 1 and 2, and provides the 
baseline data for consideration of any improvement in water quality as identified in 
objective 3 (Section 1.5). 
Phase 3: This is the 'post-remediation' phase, involving the use of continuous monitors 
and automatic sampling units during dryweather and storm events following major 
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alterations by Severn Trent Ltd to the Albany Road combined sewer overflow system. It 
identifies whether organic contaminants remain, whether the contribution of the City 
surface water system to seasonal problems in the River Sowe and River Avon 
catchments is significantly reduced, and whether any other contaminants remain that 
may threaten achievement of water quality standards as they arise through European and 
domestic legislation, including the Water Framework Directive (200/601EC) (Section 
2.6). The data obtained will be examined to satisfy objective 3, 4 and 5 as detailed in 
Section 1.5. 
To assist in the justification of maintenance costs, the water quality monitors were also 
used in traditional fashion on open watercourses, to assess the impact of consented point 
source discharges, providing information in support of Water Company Asset 
Management Plans (AMP) submissions, and for consent issues and modifications. The 
monitors were used to trace pollution incidents and to monitor the downstream impact 
of pollution incidents on the water environment. A watercourse described under the 
General Quality Assessment (GQA) system (see Section 2.4.2) as 'fairly good' or class 
C, would be required to have a Biochemical Oxygen Demand of 6 mg 1'1 or less as a 90 
percentile, an ammonium concentration of 1.3 mg' 1 , and a DO saturation of 60% or 
more. These guidelines were compared to continuous monitor results, to determine 
whether there were continuous or intermittent polluting discharges upstream of the 
monitoring point (see Section 4.3). The three phases of research into urban pollution 
sources are summarised as a flow chart (Figure 4.1). 
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Figure 4.1 Identification of pollution sources in the River Sowe catchment 
Phase 1- Evaluation of quality from 
GQA results and eontinuous 
monitoring: 
(Section 4.3) 
Finham Brook 
Canley Brook 
RiverSowe 
Wyken Slough Brook 
Breach Brook 
Radford Brook culvert 
Swan lane culvert 
Oulson Road surface water sewer 
Springfield Brook culvert 
Hall Brook culvert 
Withy Brook 
Smite Brook 
River Sherbourne culvert 
Known pollution sourees- Consented 
diseharges or visible illegal diseharges 
I----I .. ~ regulated or removed under Water Resounes 
... Ad 1991: 
Wyken Slough Brook 
River Sowe (main river) 
Breach Brook 
No point source pollution identified. 
Watercourse at Class C (or better): 
Canley Brook 
Finham Brook 
Radford Brook culvert 
_~ .. ~ Withy brook 
.... Smite Brook 
" Further oontinuous monitoring undertaken to identify 
polluted stretehes and point souree diseharges: 
No further investigation 
undertaken 
Swan Lane culvert & Oulson Road surface water sewer (s.4.3.2) 
Springfield Brook culvert (s.4.3.3) 
Swan Land Gulson Road 
Springfield Brook culvert 
Hall Brook culvert Hall brook culvert (s.4.3.4) 
Phase 2 - R.Sherboume - early data and i 
pre-remediation of A1~any Road CSOs: Point source discharges remediated or 
.. .EM.b' .. r.e.ae.m.h ........ (sA~UUj ... later .. r.e.ae.m.h.Ui.4.4,2) .... _ ..+--I~~ removed from discharging to watercourse 
US of city centre: j US of city centre: 
Waveley Rd. ! Vincent St. + 
Rudge Road ! Meadow St. ,----'-------------...... 
DS of city centre: ! DS of city centre: Pilase 3- R. Sherbourne - post 
Charterhouse ! Gulson Rd. ftIIlediation of Albany Road surfaee water 
Gosford St. i Humber Avenue sewers and eulvertecl watercourses: (s.4.5) 
! Continuous monitors: 
R.Sherboume 
Later 2003 investigative runs: (s.7.2.2) 
Meadow Street and Humber Avenue 
Flow monitors- Kingsbury Ave & Whitley 
Meadow Street - US of city centre culvert 
Humber Avenue - DS of city centre culvert 
River flow taken at Humber Ave. (portable) 
Fixed river flow (later data): 
Kingsbury Ave. &; Whitley gauge 
Rainfall (hourly) taken at Finham. STW 
4.2.1 Continuous water quality monitors used during phase 1, 2 and 3 
To implement the use of continuous monitors to determine water quality variations in 
the River Sowe catchment at times of, and during, stonn events, key locations were 
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identified in the Rivers Sowe and Sherbourne according to accessibility and expected 
impact from urban systems. Initially three GrantIYSI 3800 monitors were used for water 
quality monitoring in open watercourses across the City. These units each had a separate 
logger unit connected to a sonde. The monitors were installed in open sections of 
watercourse chained to fixed objects such as trees, pipes and railings. The logger had to 
be kept dry whilst the sonde had to be kept permanently submerged in the flow. When, 
in 1997 YSI 6000 units (see Figure 4.2) began to replace the 3800 models, they offered 
the benefit of having a logger unit incorporated within the sealed sonde and were 
therefore much easier to install in the field. The smaller YSI 600 XLM models (left of 
Figure 4.2), and more recently the YSI 6920, as shown to the right of Figure 4.2, have 
been used in relatively small-bore drainage systems. All were used to monitor and 
record pH, DO, conductivity and ammonia. Models were interchangeable according to 
their calibration and repair status. The equipment used is shown in Figures 4.2 and 4.3. 
Figure 4. 2: YSI water quality monitors 
Key to Figure 4.2: 
a - YSI 600XLM 
b - YSI 6000 series 
c - YSI 6920 
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Figure 4.3: Calibration of YSI monitors 
Laptop for downloading data 
YSI monitor being calibrated 
Calibration solution 
The YSI monitors have replaceable probes as shown in Figure 4.4, allowing for the 
determination of DO (percentage saturation and concentration), conductivity, 
temperature, pH, ammonium nitrogen, uniomsed ammonia, turbidity and chloride, 
according to which combination of probes are utilised. 
Figure 4.4 Diagrammatic representation of a YSI multiprobe continuous water 
quality monitor 
0- ring seal 
\ 
Download cable connection point 
) ( 
/ 
... 
\ --- ----- \ Main body containing 
Vented cover Detection probes data logger and batteries 
(Replaceable) 
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4.2.2 Calibration of YSI continuous monitoring equipment 
Cleaning and calibration of each monitoring unit was carried out before each monitoring 
run to ensure consistent results, as follows; 
1. Clean monitor and probe guards 
2. Replace 00 probe membrane if required (bubbles visible) 
3. Remove ammonium probe prior to calibration of other probes 
4. Connect to laptop 
5. Rinse probes in fresh calibration solutions 
6. Calibrate probe against respective calibration standard eg pH 10 and pH 7 
solutions as identified in manufacturers instructions and check against given 
calibration ranges 
7. Rinse probes in de-ionised waters between solutions 
8. Replace ammonium probe and check against calibration range using standard 
solutions at 4°C and room temperature 
9. Set programme and location and install on site immediately 
A detailed procedure for pre-calibration assembly, and calibration of each probe is given 
in Appendix 11. 
D Probe storage. 
Storing the probes properly is very important in order for them to last and to function 
correctly in the field. 
> 00 probes. During short term storage the membrane was left on with KCL 
solution present (see Appendix 11). During long storage periods the 00 probes 
were kept with just the membrane over the tip (without solution), after cleaning. 
136 
~ The pH probe was cleaned and then immersed within a pH 7 solution for a few 
days after use. During a prolonged period without use, the tips were kept moist 
within this solution. 
~ Ammonium tips were always be kept within a 100mg rl solution when not in the 
field or being calibrated. 
ii) Quality assurance 
Verification of calibration methods by Hydrodata Ltd was carried out annually, and all 
probes were cross calibrated and maintained on a quarterly basis by the Environment 
Agency's data monitoring team based at Trentside, Office, Nottingham. The monitors 
were inspected for damage following use, and all probes were cleaned and inspected 
before and after each monitoring run, with replacement probes installed as required. 
The parameters measured by each of the continuous monitors are given in Table 4.1 : 
Table 4.1 Typical performance specifications for YSI continuous monitors (YSI) 
parameter Range Resolution Accuracy Method 
DO % saturation 
0-500% 0.1% 0-200% +2% Rapid pulse (Clark O-SOO%+6% type) polarographic 
DO concentration 
0- 50 0.001 
0-200 + 2 mg )"1 Calculated from % 
(mg rl) 0-500 + 6 mg rl sat., temp and salinity 
Conductivity 
(mS cm"l) 0-100 0.001- 0.1 
:±O.S% + 0.1 mS em-I Thermistor probe 
Temperatue 
C>C) 
-5 to +45 0.01 :±O.lS"C Thennistor probe 
pH 
0-14 0.01 ±O.2 units Glass combination 
(pHunitsJ electrode 
Ammonium (N) 
0-200 0.001- 1.0 
±10% Or 2 mg)"1 Ion sensitive 
(Total) (mg rl) whichever is greatest membrane 
Ammonia 
0-200 0.001- 1.0 
±JO% Or2mgr l Ion sensitive 
unionised (mg rl) whichever is greatest membrane 
Turbidity 
0- 1000 0.1 
±.S% Or2NTU Ion sensitive 
(NTU) whichever is greatest membrane 
Chloride 0-1000 0.001-1.0 
± IS% Or S mg rl Ion sensitive 
(mg rl) whichever is greatest membrane 
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4.3 Phase 1 Identification and investigation of problematic culverted watercourses in 
the River Sowe catchment 
All of the watercourses in the River Sowe catchment were monitored progressively for a 
period of two weeks each, to identify if high concentrations of total ammonium and low 
saturation percentages of dissolved oxygen, relative to indicative levels for a class C 
watercourse (Section 4.2), indicated the presence of illegal or intermittent polluting 
discharges. The River Sowe, Finham Brook, Canley Brook, Wyken Slough Brook, 
Breach Brook and the culverted Radford Brook (see Figure 3.1 and Figure 3.2) were all 
selected for monitoring using continuous monitors during 1997 and 1998, and 
discounted from the investigation, as having relatively stable water quality variations 
which did not indicate the presence of intermittent or unknown polluting discharges, or 
as having pollution from controlled sites, with known discharge points. Where problems 
were recorded from individual sites, (such as the hospital site in Walsgrave on the River 
Sowe), they were easily identified due to the open nature of the watercourse, 
investigated further, and any misconnected foul sewage discharges and illegal trade 
effiuents removed or redirected to the foul sewer. Long term pollution problems from 
specific industrial pollution sites (requiring investigation), and at outlets arising from 
poor pollution prevention measures, chemical storage and contaminated land issues, 
(such as those occuring in the North of the City), may continue for many years, and fall 
outside the scope of this report. Dunlop Ltd, on the culverted Hall Brook catchment was 
considered in this study only as a result of trying to identify other, more domestic 
problems, (identified by public complaint and visual identification of sewage debris), 
which required further investigation on the same drainage system (Section 4.3.4). 
As problem areas were identified and narrowed down to smaller sections of open 
watercourse using these continuous monitors, (and within culverts using visual 
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indicators such as floating sewage matter, debris caught on chains and debris caught on 
strands of barbed wire placed at strategic locations), it became necessary to install 
monitors into the culverts. The use of continuous monitors allowed for the graphical 
representation of up to two weeks of data for conductivity, pH, DO, ammonia, turbidity 
and temperature to identity potential pollution sources. The Swan Lane Culvert, Gulson 
Road surface water sewer, Springfield Brook Culvert draining to the River Sherbourne, 
and Hall Brook Culvert draining to the River Sowe, were identified as potentially 
contaminated by reason of the high concentrations of total ammonium or poor 00 
content monitored at the outfall of the culverted stream or sewer. They were chosen for 
further investigation at a number of points along the drainage system, using the 
continuous monitors. The location of these culverts in relation to the Rivers Sowe, 
Sherbourne and the city centre is shown in Figure 4.5, and the data obtained from 
monitoring them at accessible manhole chambers over time, is given in Section 5.1. 
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The monitors and auto-samplers were installed using chains and padlock attached to 
pipes and chamber footholds in the vicinity of the sampling point as appropriate, with 
the main body of the monitor lying on the concrete base of the river culvert or pipe and 
probes pointing downstream, as shown in Figure 4.6: 
Figure 4.6 Use of footholds to secure ISeO sampler and continuous monitor chains 
Chamber footholds 
ISCO autosampler 
Continuous monitor 
chain attachment 
The monitoring data was downloaded using Ecowatch software, and full calibration of 
each parameter was carried out before each monitoring run, as detailed in Section 4.2.2. 
The data was interpreted to identify potential pollution problems, and justify a more 
targeted approach against a specific stretch of drainage system, often involving resource 
intensive invasive techniques, such as the use of CCTV monitoring and fluorescent dye 
to identify the discharge pipes responsible. Towards the end of this research, the number 
of maintained monitoring units was decreased due to resource availability and 
maintenance capability within the Environment Agency. This reduced capability 
sometimes limited where the remaining few units were placed, and determined whether 
the upper reaches of some surface water systems could be studied further, or whether 
investigations could be repeated to confirm an improvement in water quality status. 
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4.3.1 Health and Safety considerations 
The Health and Safety at Work Act, 1974, requires of the Environment Agency, that any 
employee of the Environment Agency undertaking work on behalf of the Agency or 
using Agency owned equipment is provided with all the necessary personal protective 
equipment (PPE) and other safety measures, as is required following a risk assessment 
of the tasks to be undertaken. No confmed spaces, such as culverts or sewers can be 
entered without the appropriate training, equipment and emergency support. Equipment 
used in this research was therefore deployed in open or easily accessible stretches of 
watercourse, or in culverts and surface water systems only after a full assessment of the 
risks involved, and the availability of others to assist in deployment as required. The 
manholes were vented beforehand and monitored for sewer gases during installation. 
Sewer maps produced by Coventry City Council for Severn Trent Water Ltd., were 
studied to identify where culverts were located, and manholes identified which were 
easily opened using available equipment and limited manpower, and which were not 
situated in the middle of major trunk roads. The manufacturers of the monitoring units 
and Coventry City Council drainage engineers were consulted on the use of the units in 
culverted watercourses from a health and safety point of view, and both agreed that the 
potential risk of explosion from using the equipment on this drainage system was 
negligible. 
Health and Safety was the over-riding factor in deployment of the equipment at all 
times, and occasionally data was not obtained as a resuh; for example in times of 
flooding or high culvert flow velocities or where traffic volume may have prevented 
access to a culvert monitoring point at a particular time. The latter consideration was 
particularly relevant to investigations on the Springfield Brook (Section 4.3.3), and 
Swan Lane (Section 4.3.2) culverts. 
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4.3.2 Swan Lane Culvert Catchment and Gulson road surface water sewer 
The Swan Lane culverted watercourse and Gulson Road surface water sewer were 
monitored between January 1999 and January 2000, as detailed in Table 4.2, and the 
results are given in Appendix 1, and discussed in Section 5.2.1. Both systems outfall to the 
lower reach of the River Sherbourne culvert, within a distance of 200 metres from the 
outfall to open watercourse. Between January 6 and February 29 1999, the system was 
investigated using YSI 6000 monitors as shown in Table 4.2. The location of the culvert 
is shown in Figure 4.7 
Table 4.2 Continuous monitoring in Swan Lane Culvert and Gulson Road surface 
water sewerage system. 
Date Location 
6/1/99 to 11/1/99 Top of Gulson Road (manhole 799) 
13/1/99 to 24/1/99 Clara Street 
Gulson Road SWS Top of Gulson Road (manhole 799) 
GulsonRoad _._---- --
13/1/99 to 24/1/99 Berry Street 
Swan Lane culvert Hood Street 
29/1/99 to 9/2/99 King Edward Road 
Swan Lane culvert Berry Street 
Swan Lane manhole 796 
17/2/99 to 26/2/99 Swan Lane manhole 796 
Swan Lane culvert 
4.3.3 Springfield Brook Catchment 
In December 1997 the sources of water quality problems on the Springfield Brook 
catchment were investigated using continuous monitors. Elevated ammonium and low 
DO concentrations had previously been recorded in spot samples taken from the open 
stretch of watercourse at Matlock Road, and subsequently a manhole near to the 
confluence with the River Sherbourne. The location of the culvert is shown in Figure 
4.8. Seven monitoring runs were undertaken on the Springfield Brook between 
December 1997 and April 2001, as shown in Table 4.3. The results are given in 
Appendix 2, and discussed in Section 5.2.2. 
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Table 4.3 Continuous monitoring in the Springfield Brook Culvert 
Date Location 
12112/97 to 2/1/98 Bowness Close 
Joseph Cash School 
Courtaulds site 
Cash's Lane 
Planet C~ark 
2/3/98 to 9/3/98 Courtaulds site 
Cash's Lane 
SprUngfieldPlace 
24/3/98 to 2/4/98 Courtaulds site 
SprUngfield Place 
Planet Carpark 
2917/98 to 2/8/98 Courtaulds site 
Cash's Lane 
14/8/98 to 24/8/98 Courtaulds site 
Cash's Lane 
SprUngfield Place 
Planet Carpark 
23/03/01 to 10/4/01 Dicken's Road Kingfield Road 
Borrowdale Close Cash's Lane 
Guardhouse Road Planet car park 
Owenford Road 
4.3.4 Hall Brook Catchment 
The Hall Brook catchment was the only culverted watercourse investigated which drains 
directly into the River Sowe. Eleven monitoring runs were undertaken on the two main 
anns of the Hall Brook between September 1998 and July 2000, as shown in Table 4.4. 
The results are given in Appendix 3, and discussed in Section 5.2.3. The locations of the 
monitoring points on this culverted watercourse are given in Figure 4.9. 
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Table 4.4 Continuous monitors placed in Hall Brook culvert 
Date Location 
2/9/98 to 12/9/98 St Paul's cemetery 
Kirkdale Avenue manhole 913 (Hen Lane ann) 
Foleshill gasworks 
23/9/98 to 3/10/98 Doyle Drive at outfall to RSowe 
Hen Lane manhole 052 
Marshdale Avenue - Dunlop ann manhole 113 
Marshdale Avenue - Collit!Y ann manhole 115 
16110/98 to Lythalls Lane manhole 971 
26/10/98 Marlisa Drive 
Hen Lane manhole 052 
Marshdale Avenue, Dunlop arm manhole 113 
Marshdale A venue- manhole 115 
5/8/99 to 1518/99 Hen Lane manhole 052 
Marshdale Avenue - Parkgate school arm manhole 114 
Marshdale Avenue - Dunlop ann manhole 113 
Hall brook at Marlisa SWS discharge 
Lythalls Lane manhole 971 
6/12/99 to 12/12/99 Hen Lane manhole 052 
Marshdale Avenue - Parkgate arm manhole 114 
Marshdale Avenue - Dunlop ann manhole 113 
Lythalls Lane manhole 971 
St Paul' s cemet~ 
14/1100 to 24/1100 Lythalls Lane manhole 973 
Allied Close manhole 082 
Stadium Close gattic type (large concrete) cover 
Dunster Place gattic type~e concrete 1 cover 
1112/00 to 2112/00 Lythalls Lane -manhole 974 
Lythalls Lane - manhole 971 
Allied Close manhole 082 
Stadium Close 
Dunster Place 
10/3/00 to 20/3/00 St Paul's cemetery 
Holbrook Lane manhole 534 
Holbrook Lane manhole 544 
12/05/00 to 22/5/00 St Paul's cemetery 
Holbrook Lane manhole 544 
Holbrook Lane manhole 533 
Holbrook Lane manhole 534 
Foleshill park upstream of Dunlop interceptor 
Foleshill park downstream of Dunlop in r 
2/6/00 to 19/6/00 Foleshill park upstream of Dunlop interceptor 
Foleshill park downstream of Dunlop interceptor 
29/6/00 to 917/00 Dunlop site drainage (monitoring point 21, figure 4.9) 
Holbrook Lane downstream of Dunl~ at manhole 534 . . 
The location of the Hall Brook Culvert and momtonng pomts IS shown m FIgure 4.9. 
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Figure 4.7 Location plan of Gulson Road SWS and Swan lane Culvert 
Key to monitoring points: 
1. Swan Lane (mh 796) 
2. King Edward Road 
3. Berry St 4. Hood St. (mh 202) 
5. Gulson Rd. 
6. Top of Gulson Rd (mh 799) 
7. Clara St. 
mh = manhole number 
(manhole numbers relate to sewer plans 
supplied by Severn Trent Water Ltd ) 
~ 
Figure 4.8 Location of Springfield Brook Culvert 
Key to monitoring points; 
1. Dickens Rd 2. Bowness Close 
3. BOITowdale Cl 4. Guardhouse Rd 
5. Owenford Rd 6. Joseph Cash Sch. 
7. Courtaulds site manhole no. 891 
8. Cash's Lane 
9. Eagle Street 
10. Springfield Place manhole no.6999 
11. Planet Car park 
12. Kingfield Road 
(manhole numbers relate to sewer plans 
supplied by Severn Trent Water Ltd) 
13. Foleshill Road trade effluent location 
Surface water sewer 
- Culverted watercourse 
Monitoring point 
147 
~ 
00 
Figure 4.9 Location of Hall brook Culvert and associated surface water sewer monitoring points 
Monitoring point 
(Size/ shape of dot is not relevant) 
Culvert! SWS 
Watercourse (R.Sowe) 
--==== 
r-- ---, 
V to monnorID2 rOIDIS; 
1. Doyle Drive 2. Gasworks(Foleshill) 
3. A444 4. Marshdale Ave mh 114 
5. MarshdaleAve mh 115 6. Kirkdale Ave mh 913 
7. Hen Lane rnh 052 8. Marshdale Ave mh 113 
9. Dunster Place 10. Marlisa Drive 
11. Stadium Close 12. Allied Close 
13. Lythalls Ln mh 974 14. Lythalls Ln mh 973 
15. Lythalls Ln mh 971 16. St Paul's Cemetery 
17. Holbrook Ln mh 545 18. Holbrook Ln rnh 544 
19. Holbrook Ln mh 533 20. Holbrook Ln rnh 534 
21. Foleshill Park DS Dunlop interceptor 
22. Foleshill park US Dunlop interceptor 
23. Dunlop Ltd. 24. Foleshill Park 
mh = manhole number 
DS= 'downstream of ' US = ' upstream or 
(manhole numbers relate to sewer plans supplied by Severn Trent 
Water Ltd ) 
4.4 Phase 2 Investigating the impact of Albany Road storm overflows on the River 
Sherbourne upstream and downstream of the city centre culvert. 
4.4.1 Pre-remediation conditions - early data collection 1996-97 
From 1996 to 1997, monitors were deployed at Wave ley Road, upstream of the Albany 
Road system outlet at Hope Street (see Figure 4.10), and at Rudge Road, immediately 
below the outfall as discussed in Section 3.2 and detailed in Table 4.5. Below the City 
centre the watercourse was initially monitored at Gosford Street and Charterhouse. 
Table 4.5 Albany Road - early survey dates using Grant YSI 3800 moniton 
Date Location (River Sherbourne) Comments 
3/10/96 to Wave ley Road- US of Albany Rd outfall Dissolved Oxygen only. 
14/10/96 Rudge Road - DS of Albany Rd outfall Dissolved oxygen and 
ammonia 
16/10/96 to Wave ley Rd - US of Albany Rd outfall Dissolved oxygen and 
28/10/96 Rude;e Rd - DS of Albany Rd outfall ammonia only 
1111196 to Waveley Rd - US of Albany Rd outfall Dissolved oxygen and 
12111196 RudgeRd - DS of Albany Rd outfall ammonia only 
12111196 to Waveley Rd - US of Albany Rd outfall Dissolved oxygen and 
26/11196 ammonia only 
12/11196 to RudgeRd - DS of Albany Rd outfall 
20/11196 
02/04/97 to RudgeRd - DS of Albany Rd outfall 
08/04/97 Charterhouse - DS of City 
11104/97 to Waveley Rd - US of Albany Rd outfall 
14/04/97 Rudge Road - DS of Albany Rd outfall 
Charterhouse - DS of City 
08/08/97 to Waveley Rd - US of Albany Rd outfall Dissolved oxygen and 
19/08/97 Rudge Road - DS of Albany Rd outfall ammonia only 
Charterhouse - DS of City 
02/09197 to Gosford Street Dissolved oxygen and 
16/09/97 ammonia only 
Key: US = upstream; DS = downstream 
All of the sample points for each run on the River Sherbourne investigations are 
identified in Figure 4.10, and the data outputs from these monitors are presented 
graphically in Appendix 4. 
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Figure 4.10 Location of River Sherbourne monitoring points and Albany Road combined sewer overflows (CSOs) 
OutfaU from CSO (Hope St.) 
Open watercourse 
Culverted watercourse 
Monitoring point 
Key to monitoring points: 
1. Waveley Rd 2. Vincent St. 
3. Meadow St. 4. Rudge Rd 
5. Gosford St. 6. Gulson Rd 
7. Humber Ave. 8. Charterhouse 
LONDON 
The Wave ley Road monitoring point is in an urban catchment, and is downstream of a 
consented pumping station stonn overflow in the lower reaches of the Pickford Brook 
(Figure 3.2), but is upstream of the Albany Road CSOs and the City centre. The data 
collected at the monitoring points upstream and downstream of the Hope Street outfall 
was presented to Severn Trent Water Limited and the Regional Water Quality 
department of the Environment Agency, and a submission under the Asset Management 
Programme (NRA, 1993) was eventually agreed as detailed in Section 3.2. In response 
to the fmdings, one sewer overflow on Albany road was identified for immediate 
removal and the conversion of an adjacent surface water sewer to provide greater 
storage capacity as a second foul sewer with only one high level stonn overflow, was 
agreed, as shown in Figure 3.4. Monitoring runs carried out from October 1999 to 
completion of the work in October 2000, and thereafter in the post-remediation phase, 
were concentrated at Meadow Street above the culverted section of the watercourse, 
and, downstream of the City centre at Gulson Road, and later Humber Avenue, as 
shown in Figure 4.10. 
4.4.2 Pre-remediation Investigations 1999- 2000 
Pre remediation investigations carried out as part of this project between October 1999 
and September 2000 are identified in Table 4.6. All monitoring runs were carried out on 
the River Sherbourne at Vincent Street and Meadow Street upstream of the city centre, 
and at Gulson Road or Humber Avenue, which are both downstream of the culverted 
stretch, unless stated otherwise. The locations of monitoring points for Phase 2 and 
Phase 3, are given in Figure 4.1O.The monitoring site at Rudge Road (used for early data 
collection) was abandoned as a viable site, following vandalism of the monitoring 
equipment. Some runs involved automatic sampling using an ISCO automatic sampler 
as shown in Figure 4.4. The results of these investigations are given in Appendix 5, and 
discussed in Section 6.1. 
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Table 4.6 Phase 2: Data Colle«:tion dates from October 1999 to September 2000 
~un Start lEnd Datal Sample Location Duration Reference ~OInment 
No. Date pate !~e on graph s 
1 1-0ct-99 1-0ct-99 Continuous !Vincent Street 12 Hours 
NM_. __ H --
pulson Road 1-0ct-99 1-0ct-99 Continuous 12 Hours 
_,, __ w .... 'n_ •• _. ---- -.-~- . 
14-0ct- 14-0ct-
99 ~9 Continuous Vincen~_~treet 12 Hours '_'H_' __ '_ --,,--_._-1--------- _._,,_._,,- . 
14-0ct- 14-0ct-
99 ~9 Continuous Gulson Road 12 Hours 
2-Mar- ~-Mar- ~uto - spot 
~ 00 ~O ~ample ~umber Avenue ~4 hours ~uto 1 
10-Mar- 10-Mar- ~uto - spot Only 2 
~ 00 ~O ~ample ~umber Avenue 24 hours ~uto2 results 
15-Mar- 16-Mar- lIumber 
~,,---, 00 ._ 00 ,,-~E!1tinuous ~umber Avenue 24 hours ~torm 
15-Mar- 16-Mar-
-'---'-'-QQ--- 00 ~ontinuous ~eadow Street 24 hours 2 Meadow 
15-Mar- 15-Mar- ~uto - spot 
00 00 ~ample ~umber Avenue ~4hours Auto 3 
23-Mar- 24-Mar- ~uto - spot 
5 pO 00 ~ample ~umber Avenue t24hours ~uto4 
29-Jun-
~ 00 ~-Jul-OO ~ontinuous ~umber Avenue 24 hours 
29-Jun-
00 ~-Jul-OO ~ontinuous !Meadow Street 24 hours 
~ 
28-Sep- ~9-Sep-
00 00 ~ontinuous lIumber Avenue ~4hours Humber I 
28-Sep- 29-Sep-
00 00 ~ontinuous Meadow Street 24 hours Meadow 1 
28-Sep- ~9-Sep-
00 ~O Flow Humber Avenue 24 hours 
28-Sep- ~9-Sep- Auto - spot 
00 ~O sample Humber Avenue ~4hours ~uto5 
4.5 Phase 3 Investigation of post-remedial CODditioDS in tile River Sherbourne 
upstream and downstream of the city centre culvert 
Following implementation of the scheme to replace the Albany Road combined sewer 
overflows, the variability of water quality was assessed on the river Sherbourne in the 
centre of Coventry. Continuous monitors were installed at locations away from public 
access at Meadow Street above and Humber Avenue below the cu1verted stretch of the 
River Sherbourne and data obtained for dry weather and storm events as shown in Table 
4.7. 
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VI 
l.-.J 
nvestigation No. 
8 
~ 
10 
II 
12 
13 
14 
',.,L ~ 
Start Date 
16-0ct-00 
I6-0ct-00 
16-0ct-00 
~O-Oct-OO 
PO-Oct-OO 
30-0ct-00 
30-0ct-00 
~3-Nov-00 
~3-Nov-00 
~3-Nov-00 
I6-Dec-OO 
19-Dec-00 
19-Dec-00 
19-Dec-00 
~O-Jan-OO 
~O-Jan-OO 
130-Jan-00 
19-Jan-0 I 
~3-Feb-01 
~3-Feb-01 
\Ie '" \ 
I-Mar-Ol 
14-Mar-01 
14-Mar-01 
\r 
14-Mar-01 
----- -
End Date Datal Sample Type 
23-0ct-00 Continuous 
23-0ct-00 Continuous 
18-0ct-00 Flow 
I3-Nov-00 Continuous 
13-Nov-00 Continuous 
5-Nov-00 Weekly stats rainfall 
I3-Nov-00 Flow 
7-Dec-00 Continuous 
7-Dec-00 Continuous 
26-Nov-00 Weekly stats rainfall 
<,J J ~t 
7-Dec-00 Flow 
21-Dec-00 Continuous 
13-Jan-01 Continuous 
I . 
22-Dec-00 Weekly stats rainfall 
23-Feb-OO Continuous 
23-Feb-00 Continuous 
23-Feb-00 Flow 
21-Jan-0 1 Weekly stats rainfall 
14-Mar-01 Continuous 
I 4-Mar-0 I Continuous 
-
• , \1 .- 1I! .\( II ·lIt' J'1 'i~ 
4-Mar-01 Weeldy slats rainfall 
6-Apr-01 Continuous 
6-Apr-01 Continuous 
I I, 
\~'r fll \ ' I - . 'Dt · !"l"': 
18-Mar-01 Weekly stats rainfall 
~ ~ - - - - - - . - - - - , ... - - - --- - - - . - . , - ~ 
Location Duration Graph reference Comments 
Humber Avenue 7 days Humber 2 
Meadow Street 7 days Meadow 2 
Humber Avenue 24 hours 
Humber Avenue 14 days Humber 3 
Meadow Street 14 days No Data recorded Monitor Stolen so no data available 
Finham STW 6 days WSI Humber 3 See table key for location of Finham STW 
Humber Avenue 14 days 
Humber Avenue 14 days Humber 4 
Replacement monitor placed inside culvert for 
Meadow Street 14 days Meadow 4 increased security following theft in November 
Finham STW 4 days WS2 Humber 4 
... -
Humber Avenue 2 days 
Humber A venue 2 days Humber 5 
Meadow Street 19 days Meadow 5 
Finham STW 3 days WS3 Humber 5 
Humber Avenue 25 days CI 
Meadow Street 25 days CI 
Humber Avenue 25 days Depth only 
Finham STW 3 days WS4 Humber C 1 
Humber A venue 21 days C2 
Meadow Street 21 days C2 
.1 J J . l:~ . . 
Finham STW 5 days WS5 Humber C2 
Humber Avenue 23 days C3 
Meadow Street 23 days C3 
) Featured in text 
}Iu, ' \ .. .. 
Finham STW 5 days WS6 Humber C3 
> .... 
VI 
.j;:>. 
Investigation No 
15 
16 
17 
18 
19 
120 
~ 1 
122 
Start Date 
6-Apr-0! 
6-Apr-O! 
9-Aor-OI 
30-Apr-01 
30-Apr-Ol 
07-May-OI 
17-May-Ol 
17-May-Ol 
17-May-01 
06-Jun-OI 
06-Jun-Ol 
06-Jun-0 I 
29-Jun-Ol 
29-Jun-Ol 
02-Jul-0 I 
27-Jul-Ol 
27-Jul-01 
27-Jul-O 1 
17-Aug-Ol 
17-Aug-01 
17-Aug-01 
30-Aug-Ol 
30-Aug-Ol 
30-Aug-OJ 
End Date Datal Sample Type 
30-Apr-0! Continuous 
30-Apr-0! Continuous 
30-Aor-01 Flow 
15-May-01 Continuous 
15-May-Ol Continuous 
15-May-Ol Flow 
06-Jun-Ol Continuous 
06-Jun-Ol Continuous 
06-Jun-01 Flow 
29-Jun-Ol Continuous 
29-Jun-Ol Continuous 
16-Jun-Ol Flow 
27-JuJ-Ol Continuous 
27-Jul-Ol Continuous 
27-Jul-O I Flow 
18-Aug-Ol Continuous 
18-Aug-Ol Continuous 
I 8-Aug-O 1 Flow 
29-Aug-01 Continuous 
29-Aug-Ol Continuous 
29-Aug-Ol Flow 
16-0ct-Ol Continuous 
16-0ct-Ol Continuous 
J6-0ct-01 Flow 
Location Duration Graoh reference Comments 
Humber Avenue 21 days C4 
Meadow Street 2! days C4 
Humber Avenue 21 days FlowC4 Flow 9-30th 
Humber Avenue 24 days C5 
Meadow Street 24 days C5 
Humber Avenue 21 days Flow C5 Flow 7m - 15th 
Humber Avenue 21 days C6 
Meadow Street 21 days C6 
Humber Avenue 21 days Flow C6 
Humber Avenue 23 days C7 
Meadow Street 23 days C7 
Humber Avenue 23 days FlowC7 Monitor blocked 
Humber Avenue 29 days C8 
Meadow Street 29 days C8 
Humber Avenue 25 days Flow C8 
Humber Avenue 23 days C9 
Meadow Street 23 days C9 
Humber Avenue 23 days Flow C9 
Humber A venue 12 days CIO 
Meadow Street 12 days CIO 
Humber A venue 12 days Flow CIO 
Humber A venue 18 days Cll 
Meadow Street 18 days Cll 
Humber Avenue 18 days FlowCl1 
...... 
VI 
(Jl 
fi ... ",Hnn Numbers - Data Collection dates October 2000 - November 2003 remediation 
30-Sep-03 
30-Sep-03 
30-Sep-03 
30-Sep-03 
30-Sep-03 
30-Sep-03 
River Levell Flow DS 
Rainfall 
Location 
Kingsbury Avenue 
Whitley 
STW 
Avenue 
Street 
Kingsbury Avenue 
Whitley 
Finham STW 
Flow 
1 day 
1 day 
1 day 
I day 
1 day 
1 day 
1 day 
Continuous monitor 
All rainfall data collected at Coventry (Finbam) STW as shown in Figures 3.1 and 3.2 
(Hourly) by Severn Trent Water Ltd . 
Comments 
Discussed in Chapter 5 
Discussed in Chapter 5 
Sheet 3 
This research programme monitored the outcome of the AMP scheme and sought to 
identify what pollutants, if any, were still being discharged to the River Sherbourne by 
the culverted watercourses previously identified, and the City Centre urban drainage 
system. 
Some continuous monitoring runs were also subjected to hourly spot samples using 
Automatic samplers. These events are identified in Tables 4.6 & 4.7 as 'Auto' runs. 
Resource allocation was reviewed at regular intervals, and withdrawn in August 2001. 
Continuous monitoring without the benefit of automatic spot sampling continued until 
August 2001, but was then stopped. It was revived again in 2003, and used in 
combination with automated spot sampling to give information on the current situation 
in the watercourse. 
4.6 Additional equipment used in the practical investigation of water quality status 
during phase 2 (1999-2000) and phase 3 (post remediation) 
4.6.1 Automatic spot sampler 
An ISCO 6700 sampler (Figure 4.11 and 4.12) was used to take spot samples of the 
midstream water for analysis. Samples were taken as hourly composites at 15minute 
intervals over a period of 24 hours for each run. 
The samples were collected in 1 litre Propack 
disposable bags and transferred to the appropriate 
bottles for analysis at the Environment Agency 
NAMAS accredited laboratory in Nottingham. 
Figure 4.11: ISCO automatic sampler 
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Figure 4.12: ISCO automatic sampler opened to reveal sample containers 
4.6.2 Flow monitor 
The flow monitor used at Humber Avenue was a Rocky Mountain Instruments (RMI) 
Flowrat 1000, which is a solid-state electronic device with depth and velocity capability, 
as shown in Figures 4.13 and 4.14: 
Figure 4.14: RMI flow monitor 
securely fastened on site 
Figure 4.13 Rocky Mountain 
Industries (RMI) flow monitor 
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4.6.3 Rainfall data 
Rainfall data was received in tabular form from Severn Trent Water Ltd and relates to 
precipitation recorded in mm at the Coventry (Finham) sewage treatment works site 
(Figure 3.1) in Stoneleigh, on an hourly basis. 
4.7 Location and installation of monitoring equipment 
Continuous quality monitors were placed in the River Sherbourne at Meadow Street 
(upstream of the City Centre), and at Humber Avenue downstream of the City (see 
Figures 4.15 to 4.19). A Rocky Mountain Industries (RMI) continuous flow-recording 
device (see Figures 4.13 and 4.14) was deployed at Humber Avenue and stage boards 
were installed at both sites. Stage board data from Kingsbury Road and Whitley were 
obtained from the Environment Agency. Spot samples were taken at one-hourly 
intervals for a 24-hour period during some storm events, and analysed for comparison 
with continuous data. Samples were analysed for BOD, suspended solids, ortho-
phosphate, total phosphate, ammonia, pH, and heavy metals (total zinc, cadmium, 
copper, chromium, nickel and lead). 
Figure 4.15 Location of Albany Road eso outfall upstream of Meadow Street 
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Figure 4.16 (a-d) Monitoring and sampling equipment in situ at Meadow Street 
-
a) Beginning of the culverted section 
c) sampling equipment in place during 
low flows 
b) Sampling equipment in the culvert 
d) sampling equipment during moderate 
flows 
Figure 4.17(a-b) River Sherbourne culvert upstream and downstream of Meadow 
Street 
a) upstream of monitoring point b) downstream of monitoring point 
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Figure 4.18: Monitoring equipment in situ at Humber Avenue 
Figure 4.19: Monitoring equipment in situ (2t(view upstream at Humber Ave). 
4.7.1 Practical difficulties encountered 
In the area of continuous water quality monitoring, the equipment and technology is 
continually developing and improving. Reliability of probes and the repeatability of data 
improved substantially in a short period of time, and regular deployment of the 
equipment led to an increased proficiency in calibration, maintenance and the use of 
software. In 2000 the official customer support available in the United Kingdom for the 
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RMI flow-monitoring unit ended, with no UK supplier available to assist in servicing or 
provision of spare parts for the monitoring units. As a result of this shortfall in customer 
support, one of the two monitoring units available for use was rendered unserviceable. 
External factors can be summarised as vandalism, theft, and 'wear-and-tear'. Clearly the 
monitors are operational equipment, and need to be placed out in the field. It was 
essential to place the monitors in areas with limited public access. In culverts subjected 
to high rainfall events the monitors could become damaged after collision with the walls 
of the culvert, and vandalism of the flow meter and several quality monitors led to 
valuable data being lost. The theft of one quality monitor also reduced the amount of 
comparative data available and led to periods of inactivity while a replacement unit was 
found. Component errors and low flows have also resulted in occasional loss of data or 
calibration drift (involving one or two probes for short periods in approximately 10% of 
the monitoring surveys), and major malfunctions such as leaking seals were not 
discovered until after a two-week monitoring run had been completed, meaning that on 
two occasions (including the featured storm in November 2003), the complete 
continuous monitoring data set for one monitoring site was lost. These issues are 
discussed in the general assessment of using continuous monitors in Chapter 8. Security 
issues arising from the early field trials include the threat of a controlled explosion when 
the anti-terrorist unit suspected that the monitoring equipment was a homemade 
explosive device. Equipment was clearly marked with contact details (at the risk of 
detection by vandals), as a result. 
4.7.2 Collection and collation orData 
River flow, rainfall and quality data were collected over a period of 22 months as 
detailed in Tables 4.6 and 4.7. More information was gathered in September and 
November of 2003, to assess the current water quality conditions. Vandalism, theft, 
equipment availability, mechanical failure and Health and Safety considerations have 
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meant that all parameters and investigation methods could not reasonably be applied to 
all stonn events monitored. The results obtained were, however, still valuable in 
demonstrating the consistency of monitoring methods, and the nature of urban runoff in 
the City. 
i) Routine analytical data 
Routine water quality information was supplied by the Environment Agency, and results 
of the analysis of spot samples were tabulated using the Agency's Water Quality 
Infonnation Management System (WIMS). 
None of the data sets were compatible, and could not be presented together in any of the 
software packages supplied. It was therefore decided to export information into 
Microsoft Excel for graphical and tabular representation, and for use in the SPSS 
statistics package. The historical General Quality Assessment database held by the 
Environment Agency for key river sites on the Rivers Sherbourne and Sowe was 
examined for infonnation covering an initial period of seven years. (Table 3.1) and 
improvements in water quality, if any, (Environment Agency Water Quality reports, 
1997-2003), identified for the catchments studied. 
ii Rainfall data 
Rainfall data was received as hard copy from Severn Trent Water as a text document, 
and was transferred into Microsoft Excel to allow graphical representation and statistical 
analysis as required. 
4.8 nata production aDd presentation 
Data from the quality monitor sonde was downloaded to desktop or laptop computer, 
and viewed and initially presented using Ecowatch version 3.12.10, developed by YSI 
Incorporated. The data were transferred to Microsoft Excel to allow comparison with 
other data sets. The flow data from the RMI Flowrat was downloaded to computer and 
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tabulated in Q-com for presentation in Q-view software developed by RMI of Canada. 
The software was difficult to use, and some aspects of the data could not be easily 
presented in the original format. Unfortunately the only distributor and software support 
service available in the UK ceased trading in 2000. Data were converted to Microsoft 
Excel format to allow direct comparison with quality data and for consistent graphical 
presentation. River level and flow data was obtained from the Environment Agency as 
text, and in Excel format. Information from the culverted watercourse investigations and 
the preliminary river quality work were grouped together and are presented, along with 
the post-remedial river investigation results, in Chapters 5, 6 and 7. Where 
measurements were made by a number of monitors at different sites during a single 
monitoring run, results were compared, in terms of peaks, troughs and concentrations 
recorded, to quality assure the data obtained. On some runs automatic samplers were 
used to obtain samples on an hourly basis, for analysis at the Environment Agency 
NAMAS accredited laboratory at Nottingham. The results of the analysis of samples 
were crosschecked against continuous monitor data (obtained at the same time), to 
conftrm that the data collected was accurate. Calibration, cross calibration between units 
and a rigorous maintenance and probe replacement regime was applied to the use of 
continuous monitors throughout the period of this research to ensure a high level of 
consistency in results. 
4.8.1 Statistical analysis 
All results were collated for each investigation run and tested for the direction and 
strength of the relationship between two variables using Spearman's Rank Correlation. 
The variables may have been sampled parameters that were compared against each 
other, or against continuous data at a single monitoring site for different investigations, 
or involving the results from several sites during the same investigation. Using the null 
hypothesis that there is no relationship between two variables, Rs values were calculated 
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for each comparison with a result of -1, identifying a perfect negative correlation 
between two variables, and a result of 1 indicating a perfect positive correlation, 
therefore rejecting the null hypothesis. Where a result of 0 was calculated, the null 
hypothesis that there was no relationship between the two variables was accepted. 
For each comparison; 
Rs = 1- (6l;d 2 ) 
(N 3_n) 
where; d = difference between two data ranks and n = number of ranks 
The Rs values were presented in a series of tables for each phase of the research as 
detailed in Chapters 5, 6 and 7. 
4.9 Conclusion 
The extensive urban drainage system in Coventry includes several major culverts and 
underground watercourses that were potentially having a detrimental impact on water 
quality in the receiving River Sherbourne culvert, the River Sowe and River Avon. 
Routine analysis of the River Sherbourne by the National Rivers Authority, had 
identified that some urban stretches were failing to meet the required quality standards 
identified for the rivers under the River Ecosystem classification system (Section 2.4.3), 
and had deteriorated in quality compared to previous results obtained through the 
General Quality Assessment monitoring scheme (Section 2.4.2). Urban pollution can 
arise from urban runoff during storm conditions and from sewage misconnections, 
unsatisfactory sewer overflows, sewer blockages and illegal discharges, including trade 
eflluent discharges as discussed in Chapter 2. These pollution sources may be difficult 
to trace through routine monitoring using spot sampling techniques (normally canied 
out during daylight hours to detennine quality of river stretches up to 30 kilometres in 
length), at accessible sampling points, if pollutants are released on an intermittent basis 
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in culverted sections of watercourse or beneath the ground in extensive surface water 
drainage systems. 
This research used continuous monitoring techniques to assess water quality pollution in 
culverted watercourses and drainage pipes, 24 hours each day, for periods of up to 2 
weeks at a time. The technology was used to identify which watercourses were the most 
polluted, so that a focussed assessment of the severity, frequency and location of any 
polluting discharges could be made. The prioritisation exercise determined which 
watercourses had water quality problems against a benchmark class C watercourse 
(Sections 2.4.2 and 3.3). This method was used to identify stretches of underground 
culverts, and drainage systems, for the limited resources in the Environment Agency and 
in Severn Trent Water Ltd to address, in terms of effluent removal, sewer maintenance 
and, where necessary, enforcement action against those making illegal discharges. 
The equipment proved very useful in identifying intermittent discharges and illegal 
cross connections, and could be easily moved to different locations within a drainage 
systems with minimal resource implications (Sections 4.3 and 8.1.1). 
The use of continuous water quality monitors and automatic samplers in the open 
sections of the River Sherbourne, running as a culvert through the centre of Coventry, 
gave a real-time analysis of water quality in dry and wet weather periods that would 
identify the pollution problems caused by the operation of the six combined sewer 
overflows situated at Albany Road (Section 3.5). GQA data (Section 3.3) had previously 
identified the River Sherbourne as having relatively poor quality, but there was no 
indication of where the source of the problem was located, or whether there were a 
number of different reasons for the deterioration in water quality. The deployment of 
continuous monitors in open watercourses and culverted systems worked well to 
identify the conditions or time periods contributing to poor water quality, and assist in 
bringing about an improvement to the drainage systems responsible, and ultimately the 
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water quality itself. The targeted use of this technology in underground drainage 
systems has applications in all urban areas that are subjected to intermittent pollution 
problems, and is a cost effective way to identify the source of the pollutants to bring 
about an improvement in water quality in the receiving watercourses, as discussed in 
Chapter 8. The results of the monitoring surveys, and the conclusions drawn from these 
results are identified in Chapter 5, 6 and 7. 
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Chapter 5 - Phase 1 Results 
Introduction 
As identified in Section 4.3, pollution sources resulting in elevated total ammonium 
readings and depressed Dissolved Oxygen saturation, were highlighted at 4 locations in 
the River Sowe catchment; 
1. The Swan Lane Culvert! Oulson Road section 
2. Springfield Brook culvert at the confluence with the River Sherbourne culvert 
3. The River Sherbourne at Charterhouse immediately downstream of the City. 
4. The Hall Brook culvert in the upper reaches of the River Sowe 
This is the first of three Chapters discussing the results obtained from continuously 
monitoring these problem areas, to satisfy the aims and objectives identified in Chapter 
1. The results are represented graphically to facilitate interpretation of peaks and troughs 
identified for ammonium (total ammonia), pH, SC and Dissolved Oxygen saturation, 
and identify whether the pollution sources were discharging on a continuous or 
intennittent basis. The results and conclusions for the investigatory runs on the Swan 
Lane/ Oulson Road drainage, the Springfield Brook culvert and the Hall Brook culvert 
during phase 1 are given in tables 5.1,5.2 and 5.3. The results for the River Sherbourne 
investigations during the early, pre-remedial and post remedial stages of Phases 2 and 3, 
are discussed in Chapters 6 and 7, and summarised in Tables 6.1, 6.2 and 7.1. As 
pollution sources were identified and redirected to the foul sewer, or prevented from 
discharging by the Environment Agency, the monitors were moved to different 
monitoring locations, to investigate other problem areas as identified in Figures 5.1, 5.7 
and 5.9. 
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5.1 Phase 1- Problematic culverted watermurses in the River Sowe catchment 
5.1.1 Swan Lane Culvert Catchment 'and Gulson road surface water sewer 
The Swan Lane culverted watercourse and Gulson Road surface water sewer were 
monitored between January 1999 and January 2000, as detailed in Section 4.3.1, and the 
results are given in Appendix 1, with a summary of fmdings presented in table 5.1, and 
Figure 5.1. Both systems outfall to the lower reach of the culverted section of the River 
Sherbourne. 
The methodology and results for the investigation in Gulson Road surface water 
sewerage system and Swan Lane culverts (Figure 4.7) can be represented in a flow chart 
as given in Figure 5.1. 
Figure 5.1. Methodology and Summary of results - Gulson Road Surface Water 
Sewer (SWS) and Swan lane culvert 
Gulson Road SWS _ ..... _.................. No pollution 4-.. _ ....... __ ........ Swan Lane culvert 
~-) 
~ 
~uconneetionMlocalpoUudon r 
Clara St. ~ajor poUution 
Gulson Road manhole 799 Swan Lane manhole 796 
Gulson Rd manhole Storm overflow US Gulson Rd 
~ 
Saeceufal remediation 
Swan Lane manhole 796 (Meat washing trade effluent) 
Combined Sewer Overflow removal Gulson Rd. 
Redirection of sewerage from S properties (Gulson Rd.) to foul sewer 
~r " 
Further Investigation required 
Upstream of Gulson Road (BinJey Road) - inaccessible due to traffic conditions 
Swan Lane manhole 202 
Hood St manhole 201 
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Table 5.1. Investigation into Water Qaality in Swan Lane Culvert and Galson Road Surface Water Sewer. Galson Road SWS. 
Date 
Run 1 
611199 
to 
1111199 
Location 
TopofGulsonroad 
(manhole 799) 
Results 
Average DO 9()01o saturation 
NH. +(N) initially high during rainfall 
Average 2.S~ rl 
peak at Smg r on day 4 12:00 hrs 
Comments 
Low flow may have affected results 
NH/(N) level relatively high 
Peak during rainfall event 
The results are given in full in appendix l.l 
Conclusions 
Rainfall impacted on results 
directly. 
More investigation needed along 
Binley Road but high risk (H&S) 
due to traffic and location of 
drainage system in road. Local 
pollution from misconnections 
suspected 
Run 2 Clara Street Diurnal pattern for SC and pH. Peaks at 07:00 and 18:00 hours daily Possible local misconnection 
1311/99 NH.+(N) max 6.S mg rl Extremely low flows at this point Impractical to monitor further 
to without modification because of 
24/1/99 The results are given in full in appendix 1.2 low flows. CCTV survey ~uired. 
------------------------------------- -----+------------------~------------------- -------------------------------------------- ----------~--------~----- --- -------Top ofGulson road NH. (N) max 2.7 mg r 23 January Not a major pollution but sewage 
( manhole 799) DO minimum 7S% saturation 20 January present 
More investigation needed on 
Binley Road by sewer gang. 
The results are given in full in appendix 1.2 
-GUiSOii R08(f-- -- -- -- ------------ --r -~g=-:~~:!!~=:2f~ii) -f-t~al~~;t~;:!~:n:;f~;; ::~~--l-fe~~~~~::=:;:~~~:r;~--
NH.+(N) max 16.3 mgr l 
DO minimum 73% saturation 
16:30 14/15 January storm event 
16:30 14/1S January storm event 
The results are given in full in appendix 1.2 
Local investigation of identified 
stretch required 
- Storm overDow detected by 
resultant camera survey 
Misconnedions from S 
properties identified. All foul 
sewerage from these properties 
redireded to the foul sewer. 
Key SC - Specific Conductivity, DO - Dissolved Oxygen. NH/(N) - Total ammonia (ammonium), mg 1"1 milligrammes per litre .. Bold type indicates pollution source located 
Table S.1 Investigation into Water Quality in Swan Lane Culvert and Gulson Road Surface Water Sewer - Swan Lane Culvert 
Date Location Results Comments Conelusions 
Run 2 Berry Street - Swan Lane culvert Minimum pH value 5.5 pH units This arm also takes side arm drainage There is an indication of major 
13/1199 NH/(N) and DO results reflect rainfall Storm events identified organic pollution in the system 
to events but former may be a little high above this point. 
24/1199 with~ recorded at 50m rl The results are given in full in appendix 1.2 _ ~~~ !l)y~~~g~_~1) _1!~~~ ___________ . ------------------------------------ ----- --------------------18-------------- -----------------------------------------(continued) Hood Street - Swan Lane culvert Nl4 (N) average 2.4 mg r Fluctuations in line with storm events Possibility of a significant source 
manhole 202 Nl4 +(N) max 18.6 mg rl with increase in Nl4(N) and SC, and impacting at or above this point 
Other results at 6.20, 12.50 & 4.20 mg rl decrease in pH and DO. More investigation needed 
NH/(N) Manhole 202 too close to junction 
00 and pH fell sharply with Nl4 +(N) Last day of this investigation run 
rising to 20.0 mg rl from a H&S viewpoint. New location 
(MIl 201) safer 
The results are given in full in appendix 1.2 
Run 3 Swan Lane manhole 796 Nl4 +(N) max 1.08 mg r l Peak at 01:00 Tuesday to Saturday Direct local polluting discharge to 
29/1199 SC peak each day Peak 0 1:00 Tuesday to Saturday system.. Regular peaks independent 
to 00 probe failure Monitor covered in gristle/meat of rain events 
9nJ99 
The results are given in full in appendix 1.3 _ ~~~ ~~c: _'!~'.:1~~~ ________________ . -"ing &iWiid ioiKr ---- -- --- --- --- -Rise -iii SC-and animoiiiUDi peak -to" 7~i --- -StorDi-~I~-~-------------------- Possibly as a result of organic matter 
(side arm) mgrl washing through the system 
00 fall as ammonium increased 
-~-S~----------------------- -----+-------------------1----------------- _ 'f!1~_ ~'!i~ _~ _gi_~~1! !I] _~! it] _ap~I]~~ }_-?_ -Free of sewage-aithls tiiDe- ----------. Nl4 (N) max 1.08 mg r Storm event 8 February 
DIs of old overflow on sewer map 
------------------------------------ -------------------------------------------
The results are given in full in appendix 1.3 -Con~ted -but -reqUires furtJier- ---. Hood Street manhole 201 Poor ammonium results initially but -Mo~ed -to mimiioie 20 i -io~ H&S--------
reduced DO and increased NH/(N) reasons investigation when possible trade 
During prolonged rain event The results are given in full in appendix 1.3 eftluent has been removed 
Run 4 Swan Lane manhole 796 Large ammonium spike at 01:00 hrs to Single monitor was used to investigate Discharge from meat proeessor at 
7nJ99 Adjacent to Frederick Bini's over 9mg rl on two occasions drainage from wholesale market. Spike Barras heath market. System 
to Infant School Dissolved Oxygen levels fell below 10 % coincided with wash down operation cleaned and emnent redirected to 
2612199 saturation following major storm event and pumped trade eftluent flow foul sewer 
on 21 February. The results are given in full in appendix 1.4 
Key SC - Specific Conductivity, DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg r l milligrammes per litre .. Bold type indicates pollution source located 
-~ 
Table 5.1 shows that the flrst investigation (Run 1), between January 6 and January 11 
1999 (Appendix 1.1), was undertaken using one continuous water quality monitor 
situated at manhole number 799 (Coventry Sewer Plans), at the top of Gulson Road. The 
surface water sewer was running with a low flow, and this may have affected the 
Dissolved Oxygen concentration, which averaged at around 90% saturation. The 
ammonium concentration was initially very high, but settled down to an average figure 
of around 2.5 mg rl. The ammonium results indicated (Table 5.1), that there was the 
potential for increased contaminant levels in the system, and it was decided to extend 
the monitoring run using a second monitor near the outfall. The nearby Gulson Road 
surface water system was also investigated using additional monitors, to give an overall 
assessment of pollutant discharge in this area. A second investigation (run 2, Table 5.1), 
started on January 13 1999, involved placing monitors at 5 sites on the Swan Lane 
culvert and Gulson Road surface water system. Barbed wire traps placed at Gulson Road 
surface water sewer, near the outfall to the culverted River Sherbourne, had previously 
collected sewer rags (foul sewage debris) on an infrequent basis, and the drainage 
system was subject to very high stonn flows. 
The results of the continuous monitoring runs are given as Appendix 1.2. Large 
ammonium peaks, of up to 16.3 mg rl at Gulson road and 20 mg rl at Swan Lane were 
identifled, and at Gulson Road the measured pH fluctuated considerably over a range of 
1.7 pH units (6.8 to 8.5 pH), and the conductivity probe clearly identified the major 
downpours, with peak concentrations recorded, as identified in Table 5.1, during the 
investigation. Each stonn event (seven in all) affected the level of ammonium and 
Dissolved Oxygen saturation in the flow. An example of this is shown in Figure 5.2, 
where ammonium concentration increased to 16.3 mg rl at 16:30 hours on 14 January. 
The oxygen concentration fell to 73% saturation during a storm event on the same day. 
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Figure 5.2 Continuous monitor results for Gulson Road Manhole 799 
13-24 January 1999 
-- -- -- -
;, ~5~30~----------~=---~--~-O~,r06=-------~~~~---------'-O~.-2-----------,-r~~o 
tJ80 
1042 
0 ... , .., a l ee 0'" ' 2"01'$'8 
OatoTlrno(NlrvuOOFVV) 
Key to graph: Dissolved Oxygen (DO) % saturation, Ammonium (mg rl) 
pH (PH units), Specific Conductivity (SpCond) (mS cmol) 
The elevated ammonium results suggested that there was a potential foul sewage source 
in the vicinity of the monitoring point requiring further investigation. A drainage area 
investigation, by Coventry City Council, later identified an unknown foul sewer 
overflow connecting between the foul sewer and the surface water system. This had 
previously been identified for removal in 1963, as part of the Sowe Valley sewerage 
scheme (Chapter 3). 
At the top of Gulson Road the monitor showed similar results to that of the downstream 
monitoring site near the outfall, as shown in Table 5.1. The recorded pH fell with each 
increase in flow and the ammonia concentration increased, with a maximum figure of 
2.7 mg r1 recorded on 23 January (Figure 5.3). Dissolved Oxygen levels were higher 
than expected, which may reflect periods of low flow, but these dropped to around 75% 
saturation during a storm event on 20 January. Despite the fluctuation in results 
recorded, the barbed wire traps had not previously collected any debris at this point, the 
ammonium levels were relatively low, and it was not conclusive that the contamination 
at this point was from a direct foul sewage discharge. It was thought that misconnections 
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from the surrounding residential areas were the cause of the water quality fluctuations at 
this point, but it was considered to be relatively minor, and identified for possible future 
investigation by Coventry City Council. Further investigation identified a small pipe 
between manhole 582 at the end of Monks Road, and manhole 584 at the end ofBotoner 
Road, containing the sewerage from at least 5 properties facing onto Oulson Road. The 
monitor in the surface water sewer at Clara Street recorded a diurnal pattern for SC and 
pH, with twice-daily peaks coinciding with early morning (07:00 - 08:00 hours) and 
early evening (18:00 hours) periods. The monitor at Hood Street on the Swan Lane 
culvert again showed fluctuations in pH, ammonium and Dissolved Oxygen levels in 
line with known stonn events, as shown in Figure 5.3: 
Figure 5.3 Continuous monitor results for Swan Lane Culvert at Hood Street 13-24 
January 1999 
" -o 
, (l ; 
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Key to graph: 
0"'5/99 01/18/99 01/20/99 01/22199 
DateTlrne(MMlDDFYV) 
Dissolved Oxygen (DO) % saturation, Ammonium (mg 1'1) 
pH (PH units), Specific Conductivity (SpCond) (mS cm-I ) 
01/2~99 
The results for this site are summarised in Table 5.1. This site was the closest point 
monitored to the River Sherbourne culvert, with increases in ammonium to a maximum 
concentration of 18.60 mg r1 during the investigation period. During the last day at this 
site the pH and Dissolved Oxygen concentration fell sharply, while the ammonium rose 
to almost 20 mg rl. SC also increased at the same point of the investigation. The other 
o ~. 
~ 
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monitor at Berry Street also showed fluctuations in pH, SC and ammonium 
concentration at this time, indicating the possibility of a significant source at this point. 
There was a need to investigate upstream of this point, to determine whether a traceable 
source could be identified. The ammonium and Dissolved Oxygen probes showed 
fluctuations in line with rainfall events, consistent with the Hood Street monitor, and pH 
levels fell to a minimum of 5.5 pH units, as shown in Figure 5.4: 
Figure 5.4 Continuous monitor results for Swan Lane Culvert at Berry Street 13-
24 January 1999 
C 88 
'~~~+3~~-----------2-0~18------------0~'~------------O-~~~-.-----------'~O~.2~--------~'530 
01/3.1'88 01/1&199 Otf2~ o1n.2ltHt 0112...,. .. 
OateTlmeCMM/OOIVY) 
Key to graph: Dissolved Oxygen (DO) % saturation, Ammonium (mg rl) 
pH (PH units), Specific Conductivity (SpCond) (mS em-I) 
There was clearly a major contamination source above this point that required further 
investigation. Between January 29 and February 9 1999, a single monitoring run was 
undertaken on the Swan Lane Culvert using 3 YSI 6000 monitors. Data from the 
monitor placed in the main culvert on Swan Lane showed a significant regular peak of 
ammonium occurring at 01.00 each day, from Tuesday to Saturday. The Dissolved 
Oxygen probe displayed an error in the concentration of dissolved saturation, but a 
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relative reduction in Dissolved Oxygen during the second set of rainfall events, was 
displayed during this run at Swan Lane, and for the probe with similar calibration 
problems at Hood Street (manhole 201 ), as shown in Appendix 1.3. The conductivity 
measurements at Swan Lane showed peak values between 01 :00 and 01:30 hours from 
2 to 6 February, in line with the ammonium peaks, as shown in Figure 5.5: 
Figure 5.5 Finham rainfall and continuous monitor results for Swan Lane Culvert 
at Swan Lane 13-24 January 1999 
i) Rainfall 
Swan Lanel Gulson Rd Run 3 Finham Rainfall (mm) 29/1199 to 912199 
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The results showed a regularity in peak concentrations for SC and ammonium during the 
dry weather period, that indicated a regular and intermittent direct discharge to the 
system, rather than the product of an overflow or instrument error. Daytime spot 
sampling at the outfall would not have identified this intermittent discharge, and when 
the monitor was retrieved from this run, it was covered in what appeared to be pieces of 
meat and gristle. The monitor on Berry Street showed a low concentration of ammonium 
that peaked to only 1.08 mg rl during the storm event on 8 February, and a good level of 
Dissolved Oxygen saturation was maintained, which only dipped slightly during the 
storm event. The results suggested that the Berry Street arm was free of sewage at this 
time. The monitor at the bottom of King Edward Road, which is above the Berry Street 
arm, showed a distinct rise in SC on 8 February. The ammonia on this day rose to 7.2 
mg r1, which may have been a result of organic matter being flushed through the system 
from upstream. The Dissolved Oxygen dropped significantly as the ammonium 
concentration increased. 
The storm water system upstream was investigated from 17 February to 26 February, 
using a single sonde at manhole 796 on Swan Lane, the results of which are given in 
Figure 5.6 below, and Appendix 1.4). 
The results revealed that a meat processing plant, on a wholesale market site, was 
washing down the working area into a large catchment pit, and then pumping the 
contents out to the nearest manhole. The single sonde was used to monitor the discharge 
from a unit on the Barras Heath wholesale unit. A large ammonium spike (maximum 
9mg rl NH/(N)) was recorded on two occasions at 01:00 hours, during washing down 
operations at the unit. The cleaning operation was carried out at 23.00 each day, from 
Tuesday to Saturday, and all effluent was pumped to a manhole within the factory 
curtilage. This manhole was connected to the storm water system of the wholesale 
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market, which was, in turn, connected to the public storm water system. The system was 
cleaned the following day, which gave rise to more ammonium peaks, and a reduction in 
Dissolved Oxygen. The effluent was re-directed to the public foul water sewer. 
Figure 5.6 Finham rainfall and continuous monitor results for Swan Lane Culvert 
at Swan Lane 17-26 February 1999 
i) rainfall 
Swan Lanel Gulson Rd Run 4 Finham Rainfall (mm) 17-26 February 1999 
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5.1.2 Springfield Brook Catchment 
Seven monitoring runs were undertaken on the Springfield Brook between December 
1997 and April 2001, as detailed in Section 4.3.3. The results are summarised in Table 
5.2 and Figure 5.7. 
Figure 5.7 Methodology and summary of results - Springfield Brook culvert 
I Springfield Brook culvert I ... No pollution I ... (No sites) 
I .~ 
Local misconneetions identified Major pollution identified 
Upstream of Joseph cash school Ghee manufacturer/ Indian food 
preparation washdown water 
~ Foleshill Road 
Further investigation required + 
Bowness Close Remediation of pollution 
Guardhouse Road Ghee manufacturef 
Owenford Road 
Kingfield Road 
(operation ceased fOf drainage works) 
Foleshill Road + 
(all above Courtaulds site) 
"""'- : Major pollution still present I ..... 
Major pollution identified 
Ghee manufacturer/ Indian food 
.... preparation washdown water ... 
Foleshill Road 
(operation resumed) 
~ 
Remediation of pollution 
Drainage connected to foul sewer 
The pollution was identified by use of continuous monitors placed in the Springfield 
Brook culvert, as identified in Figure 4.8. The major pollution arising from a trade 
eftluent discharge on Foleshill Road, which was detected as a result of high ammonium 
concentration and low Dissolved Oxygen saturation, was due for immediate removal but 
connection to the foul sewer was delayed and the discharge recommenced. This was 
discovered only by the fact that the pollution was again identified using the continuous 
water quality monitors. 
Table 5.2 Investigation into Water Quality in Springfield Brook. 
Date Loeation Results Comments Conclusions 
12112197 Bowness Close ~ (N) max4.7mgr'(16:25hrs 17/12) 3 ~(N) peaks during 17 & 18 Readings confirmed by monitor at 
to 211/98 Also 2.9 (04:27 hrs 17/12) and 3.1mg r' (05:00 hrs December with DO falls and increased School imply unknown pollution 
run 1 18/12) conductivity following a major storm. source locally. Possible trade 
DO 38.9, 35.8 and 42.5 % saturation at these times. (8.5 mm in 19 hours) effluent. Shallow drainage. Some 
Low DO readings Monitor drift at end storm effects 
of run. 
The results are given in full in appendix 2.1 
'christopher' cash .... -- --... + ... --... -.- ...... ~ ..... -..... ---- ....... -..... -.. - 3 NH;(N) -peakS- identified,-as -abO~e. ---- FUrthei tnvesttgatioii reqUirec! on-this -~ (N)max3.2mgr (l5:00hrs 17112) 
School Also 2.9 (04:00 hrs 18112) and 3.1mg r' (14:03 hrs DO reduced in line with ammonium system. - impractical with monitors. 
18/12) and spec. condo peaks Low fallon drainage system and low 
DO 58.2, 50.3 and 39.3 % saturation at these times. Time of travel between 2 points may flows. 
indicate storage capacity in both foul Impact during rain but no major 
and storm sewers. sewage overflow suspected. 
The results are given in full in appendix 2.1. Monitor drift at end of run 
-CO\U1a~dGisibe-------- -----+---.------.---r--.. -- ...... -.--------------------- ------------------------------------------ -----+---------------------------------~ (N) 7.96 mg r (22:24 hrs 17112) Initial ammonium peaks not NH. (N) initial peak may be first 
Also 8.33 (08:42hrs 18/12) and 12.4 mg r' (23:42 hrs considered. Low flow. Settled down flush effect be due to low flow 
19/12) before storm event. Storm related fall conditions in culvert. Further rain 
DO minimum at around 65- 68% in DO and rise in NH/ (N) storms did not impact. Suspect low 
level continuous discharge Side-arm 
samples taken but too dangerous to 
c:~·s·~··-··-·--·-
The results are given in full in appendix 2.1. ~~~~~!;----------.---.---------------.-.. -+ .. -- .. --.. --.-... ~--.---.- .. --.. -----------.----- -00 -drop-for 20 hours -a:nil 2!f iiifDutes ---~ (N) max 3.2 mg r 17- 18 December. Investigation using sewer gang 
DO minimum 0.5% saturation before recovery. identified trade discharge from 
Storm event had major impact here. A Indian foods manufacture 
discharge between school site and 
---------.~~~~---------
The results are given in full in appendix 2.1. _ f~!(~.~~!~ _~~~~ __ ---------- ----
Planet Carpark ProbeS -maifuDCiion'after 'iiiitiai stOrm but reiative ---. -- Disregard results. Suspect calibration Casing-breached! damaged" but -~~e --. 
increases displayed in each rain event for NH. +(N) of monitor or damage following first indication of increased ammonium 
storm levels during each storm event 
The results are given in full in appendix 2.1. 
Key SC - Specific Conductivity, DO - Dissolved Oxygen. NRt +(N) - Total ammonia (ammonium), mg r' milligrammes per litre. Bold type indicates pollution source located 
-~ 
.,...--....-.----.-.-.-.. --.-------.-~.-.- --,- .. -.-.-----.~.---.-----
Table 5.2 Investigation into Water Quality in Springfield Brook. 
Date LoeatioD Results Comments CODelusioDS 
! 
2/3198 to Courtaulds site NIl.+(N) max 12 mg I"J S march Significant ammonium peak before Pollution source remains upstream 
9/3198 Finham rainfall event on the afternoon of ofCourtaulds' site High peak may 
run 2 the S March. indicate local rainfall on 
impenneable surface before 
Finham measurement or increase 
The results are given in full in appendix 2.2 in continuous source 
-~'s-~e--------------------'" 'No 'signiflcant'ammonilim -peak-' u - ••• - -. --------------------------------------.----- --------------------------------------Results much improved at Cash's Lane Some dilution from canal weir 
DO started at 400/0 saturation. 4 reported following cessation of trade effluent from immediately downstream of 
sags with minimum SOOIo Indian food business Courtaulds 
-sPiiD~e1diPLiCe------------------
The results are given in full in appendix 2.2. 
-------------------------------------------- ------.--------------_.-------------_. -------+-------------------------r---------3 NIl. (N) peaks - max 33 mg 1- Suspect grossly polluted watercourse or Further investigation required 
The results are given in full in appendix 2.2. foul sewer overflow 
24/3/98 to Courtaulds site Initial peak of 80mg I suspect. Peaks to Ammonia drift occurs towards end of run Post trade effluent cessation. May 
214/98 25mg 1"1 NH/(N) follow. following major stonn event on 9 April be intermittent now. Results still 
run 3 Dissolved Oxygen dropped to 58% indicate a source, possibly 
saturation overflow derived, upstream of 
Courtaulds' site 
-Sj,riDgfieici iPlace ------------------ The results are given in full in appendix 2.3. ----------------------.--------------------- -identified as it foui sewer ~--usefhl -. "\i8riabl~-amm~OiuniresiiiiiO-max-ofi67- Results again indicated either a grossly 
mg rl.consistently >4Omg 1'1 polluted watercourse or a foul sewer as background data. Some rainfall 
DO fell to 0010 saturation impact from combined drainage. 
Culvert manhole located nearby 
The results are given in full in appendix 2.3. ---------------------------_· __ ·-----1 ji~~i~·---------------·--- -Ariimotrlum -1~~elS-~-iDitiaiiy Wiih -- -May -be -low-flOWS-causing probe -drift -. -.- Further investigation required. 
max 16.0 mg 1'1 following storm 25- 26 initially or algal effects from canal System may still be poDuted with 
March. overflows at Courtaulds and Matlock sewage or other organie soune 
DO levels reduced to average of 45% Road upstream 
saturation after 2S March 
The results are given in full in appendix 2.3. 
Key SC - Specific Conductivity, DO - Dissolved Oxygen, Nl4 +(N) - Total ammonia 6munonium), mg 1'1 milligrammes per litre. Bold type indicates pollution source located 
-00 
o 
Table S.l Investigation into Water Quality in Springfield Brook. 
Date Loeation Results Comments Conclusions ! 
29n/98 to Courtaulds site Nl4 (N) max 36 mg 1"1 31 July 18:00 Short run over 4 days. Ammonium peak Contaminant upstream of 
2/8/98 hours following increased levels from coincided with pH fall and followed Courtaulds site requires further 
run 4 12:30 hours spikes in SC and Dissolved Oxygen drop investigation. Peaks are either due 
DO dropped to 46% saturation at around to storm overflow or first flush 
10:00 in coincidence with SC peak and effect from storage in low gradient 
29n/98 to pH fluctuation system. 
8/8/98 The results are given in full in appendix 2.4. 
--------_.--.----------------------- -----+------------------r--------------------cessation -of tmde-effluent was ------------ -Trade -effluent-had continued -to ----run 4 Cash's Lane Nl4 (N) max 5.5 mg r 4 to 5 August 
Do fell to ()OJO repeatedly during the run temporary. Following advice from local impact on system at Cash's Lane 
PH dropped towards end of run to around MP Indian food manufacturer had started 
4pHunits discharging to sewer again without 
notification 
The results are given in full in appendix 2.4. 
14/8/98 to Courtaulds site manhole 891 Nl4 +(N) max 247 mg r l 20 August Unreliable Nl4 +(N) results. May indicate Some impact from rain events on 
24/8/98 PH fluctuation coincided with relative presence of ammonium following 20 and 23 August 
run 5 conductivity peak and DO fall rain events 
-~'s-~-----------------------
The results are given in full in appendix 2.5. 
-------------------------------------------- -Some -iiiipact-frOm -aii -raiii eventS----NiL. +(N5 resUits Show probe -drift --------- Unreliable Nl4(N) results 
PH fluctuation coincided with 
conductivity peak and DO fall 
-Springfield iiIiMi inaiiiiOie --------- _~_ ~'!i~~_8i):~!I} _f!J!~!I} _19'~ ~;?: __ Nl4 (N) max 13.5 mg r 20 August IDgb-ammoirium-ie8dij,gs-and ------------ -Some -iiiipact-frOm ail -r8iD-eventS---
number 6999 corresponding fall in DO 
-Jii8diet~k---------------------
The results are given in full in appendix 2.5. 
---------------------------~---------------- -U~iiabi~~s~tS -a&;.-fuSi --------. -pCK)iresUits()b~--------------------- Low flow at this chamber 
rainfall event in minimal flow 
~l'eSults are given in full in appendix 2.5. 
Key SC - Specific Conductivity, DO - Dissolved Oxygen, ~ +(N) - Total ammonia (ammonium), mg r1 milligrammes per litre. Bold type indicates pollution source located 
-00 -
Table S.2 Investigation into Water Quality in Springfield Brook. 
Date Location Results Comments ConclusioDJ 
23/3/01 to Dicken's Road Regular ammonium peaks and extensive Too erratic for stonn water system Identified as foul sewer not stonn 
10/4/01 fluctuation in all other determinands Some variation due to rainfall shows water sewer i 
nm6 combined or ingress component 
The results are given in full in appendix 2.6. 
----------------------------.--.----- ..... + ................. J ••••••••••••••••••• . GOOd correlation ·between ·data and ·StOmi· . Storm ·rel~· poliution· or ·wash-· ... Borrowdale Close ~ (N) max 33 mg r 7 April 
events after April 3. Ammonium may be through of misconnection requires 
relative as base level high further investigation 
·~ouse·~8d···----------------
The results are given in full in appendix 2.6. 
·------------------·--·--r---·-·---------·-NH/(N) max 120 mg r 3 April --.--------------------------------------.-. -Storm ·relilted-pollution·or wash:·--Suspect result. Ammonium may be 
relative as base level high through of misconnection requires 
further investigation 
-(jVVeilfonl-iiOWi--------------------
The results are given in full in appendix 2.6. 
-----+------------------,------------------
~ (N) max 120 mg I" 5 April -GOOd storm -correiiition after 3-Aprii for -- - -Storm-reliitedpollution-orwash:---
all parameters through of misconnection requires 
further investigation 
------------------------------------- _~ _~~!S_ ~ !>!~~!l_ ~ ~!l_ ~~ ~~_~~_ ~:~. ___ -------------------------------------------- -------------------------------------Kingfield Road 00 saturation fell to below 10010 a Good stonn correlation after 3 April for Stonn related pollution or wash-
number of times after 3 April all parameters through of misconnection requires 
further investigation 
-~;s-~--------------·--------
The results are given in full in appendix 2.6. 
-------------------------------------------- -PreVious trade-effluent problem -------------------·-------------------------1-Maximum ammonium peaks at 2.0 mg r Good results for this period which show a 
or less Dissolved Oxygen saturation marked improvement in water quality. now removed and water quality 
above 65% improved 
-j)~~---------------------
The results are given in full in appendix 2.6. 
-------------------------------------- - -.-: - - -- - - ':t" - - - - - - - - - - - - - - - - - -:r ---------- -G~ Sio~ -correlation ~i 3-Aprii f~r - -- Low flow conditions at site gave Initial ~ (N) peak of 8 mg I" followed 
by lesser peaks with maximum 5 mg 1"1. all parameters high ~+(N) levels which then 
settled 
1be results are given in full in appendix 2.6. 
Key SC - Specific Conductivity, DO - Dissolved Oxygen, ~ +(N) - Total ammonia (ammonium), mg rl milligrammes per litre. Bold type indicates pollution source located 
-()() 
Iv 
During a monitored storm event from 12 December to 2 January, the ammoma 
concentration showed an increase at Bowness close and Christopher Cash Junior School, 
with concentration peaks of 6.1 and 9.2 mg rl respectively as shown in Table 5.2. 
Specific Conductivity also peaked during the event, and pH levels dropped slightly. 
Oxygen levels dipped at Christopher Cash Junior School, but the probe failed at 
Bowness Close. An increase of ammonia, not related to a storm event, was identified at 
14:30 hours on 18 December at Bowness Close, and 03:15 on 19 December at the 
School (approximate time difference 12.75 hours). The SC did not increase, and there 
was no explanation identified for the anomaly. The monitor at Courtaulds and Cash's 
Lane showed increased ammonia concentrations, with the latter peaking at 21.97 mg rl. 
Dissolved Oxygen saturation declined to 0.5 % during a storm event on 18 December, as 
shown in Figure 5.8 below, and Appendix 2.1. 
The monitor at the Planet car park showed an apparent probe failure for Dissolved 
Oxygen following the storm event, and erratic measurements for ammonia at all other 
times. This was later found to be a foul sewer chamber next to the storm water culvert. It 
was concluded however from the results, that between Christopher Cash Junior School 
and Cash's Lane there was significant ammonia input, requiring further investigation. 
The results for the monitoring site at Cash's Lane between 29 July 1998 and 8 August 
1998 (Appendix 2.4) show some diurnal pattern to the Dissolved Oxygen, ranging 
between 0% and 95% with elevated ammonium concentrations up to 5.Omg rl NIL. +(N). 
The monitoring point upstream showed that the Springfield Brook was generally 
consistently good in quality above this point. Further investigations of the culverted 
watercourse and surface water system in this area, revealed a foul sewer draining the 
kitchen and toilets of an Indian restaurant and sweet manufacturer, which had been 
misconnected to the storm water system. A spot sample taken of the offending drainage 
system showed a BOD of 1350 mg rl, and an ammonium concentration of 3.5 mg ri. 
Coventry City Council's Environmental Health Officers were infonned and work 
commenced immediately to request removal of the polluting discharge. 
Figure 5.8 Continuous monitor results for Cash's Lane and Finham rainfall from 
12 December 1997 to 2 January 1998. 
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The work to remove the pollution was somewhat delayed for a number of reasons, and 
the impact was again shown in the monitoring runs during the summer of 1998. All 
monitoring work on the culverted watercourse was suspended until the misconnection 
was removed. An extensive run carried out between 23 March and 10 April 2001, (after 
the discharge had fmally been removed), showed an improvement in the water quality of 
~ 
1b 
~ 
the lower reaches of the Springfield Brook culvert (Appendix 2.6). Ammonia levels at 
Cash's Lane became more consistent with peaks (although still present), of less than 2 
mg rl. The quality at Kingfield Road and above remains poorer than experience would 
dictate, and may require further investigation of industrial and commercial sites 
upstream of this point. The removal of resources to maintain the monitoring capability 
used previously, has reduced the potential for this investigation to take place. 
5.1.3 Hall Brook Catchment 
Early runs on this extensive system were undertaken to identifY which areas required 
further investigation. The preliminary surveys included on-site observation, the use of 
barbed wire strands strategically placed in culverts, and occasional spot sampling. There 
were visible signs of sewage contamination in the open section of culvert at the gas 
works, and the barbed wire traps identified that intermittent discharges containing sewer 
rags, that warranted further investigation, were present in both the Hen Lane and Dunlop 
arms of the culverted Hall Brook. Eleven monitoring runs were undertaken on the Hall 
Brook between September 1998 and July 2000, using up to 6 monitors for each run, as 
detailed in Section 4.3.1. The results are presented in Appendix 3, and summarised in 
Table 5.3, and Figure 5.9. Specific Conductivity measurements, pH and the sanitary 
determinands, all recorded a marked variation following rainfall events. The increases in 
ammonium, and reductions in pH, SC and Dissolved Oxygen saturation, though slight, 
demonstrate an initial high strength flush followed by a return to pre-storm levels. 
Table 5.3 Investigation into Water Quality in HaD Brook. 
Date Location Results Comments Conclusions 
219/98 to St Paul's cemeteIy manhole 650 Problem with ammonium probe pH fell Preliminary run. low flows Further investigation required I 
1219/98 (Dunlop arm) to 6.3 following storm event pH drop following each storm event 
runt The results are given in full in appendix 3.1 
-KirlCd8ie -Avenue- manhoie 9" if ------ ----- ----------------------------r------------ ------------------------------------.-- -----------------------------------. i NH/(N) peaks to 0.7 mg I" during Shallow site. Alternate site sought. Further investigation required 
(Hen Lane arm) each rain event pH increase following storms Some signs ofNH/(N) 
contamination. pH increase may 
indicate local domestic source 
The results are given in full in appendix 3.1 
--------------------------------------- ------------------------------------Foiesliill-gasworkS -: -open stretCh --------- -j,HpeakS-ideittifie<i----- -------- ---- ---- Sewage debris present Signs of sewage debris upstream 
(downstream of both arms) DO fell to 36.4% Deterioration in Dissolved Oxygen on metalwork. 
levels following storms Further investigation required 
pH increase as on Kirkdale Ave 
The results are given in full in appendix 3.1 
2319198 to Hen Lane manhole 052 Diurnal peaks occurred late afternoon High ammonium result in dry Suspect sewage source in 
3110/98 in ammonium and pH. ammonium max weather indicates misconnected or vicinity or washed through in 
run2 > 11 mgl"l broken foul drainage system or trade storm event. Further 
Storm event reduced pH to 7.1 effluent investigation required 
-------------------------------------------- -~-~~~~-~~~~~-~!~-~~~~:~- --------------------------------------- ----------------------------------_. Marshdale Avenue - manhole 115 Ammonium probe problem following Results seem poor due to low flows Further investigation required. 
(Hen Lane arm) storm events. yet reflect storm events Better site located on Marshdale 
Aveatmh 114 
------------------------------------------- -~-~~~~-~-~~-~!~-~~~~ !:~- --------------------------------------- -fuCO'riCitiSfve -resUtt~ --------------, Marshdale Avenue - Dunlop arm Variable ammonium results with max SC readings good following storm 
Manhole 113 1.0 mg 1"1 peak event Further investigation required 
_~_ ~'!1!! ~ _six~!~ _f!1!!!~ _~!~ };~_ 
, 
j\~iDiinboie-i43i----------------------- -i5ifficidi ~1tc; to- m~irlfi>~ -to; H&~: ----
___________________________________ 1 
Unreliable NH/(N) results after storm Inconclusive result. 
event reasons. Very shallow wide culvert Further investigation required 
at this point. using different monitoring point 
DOyle-Diive ai-outf8iliO River-SO;e------
The results are given in full in appendix 3.2 
-sc -dippe(i-mther th8ii ~ d"UrlDg- -Possible impact -of canal overt1ow -at- -810m} incidents -reflected-iii ------
storm event this point results 
The results are given in full in appendix 3.2 
Key to Table: SC - Specific Conductivity, DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg r l - milligrammes per litre. 
-00 
~ 
Table 5.3 Investigation into Water Quality in HaU Brook. 
Date Location Results Comments Conelusionl 
16110/98 Lythalls Lane manhole 971 Initial NHt(N) results off scale during Ammonium peaks reflect wet Chemical or local sewerage 
to continued rain event with peak at 16.9 weather conditions although peak source suspected with first flush 
26/10/98 mg r. Spikes of around 7 mg r value in dry weather on 20 October measured or trade effluent 
run3 recorded in dry weather. preceded storm event measured at component. The pH result may 
Initial pH peak of 10.5 recorded. DO Finham. confirm this. 
saturation very low following initial Sewer rags continued to show in flow Pollution suspected. Further 
storm event and remained so. between storm events. investigation essential 
The results are given in full in appendix 3.3 
-~Iisa-ihive------------------------------ -G,w -leveis of ammoDiUiii recorded ------ UnusWiilyiow -pH readings and ------- -hldustrlat-estate reqUires-further --
(industrial estate side arm) except for peak on 19 October. pH storm related data monitoring and drainage survey. 
readings low. Previous trade effluent Possible trade eflluent 
Monitor stained with oil. misconnection identified at these connection and first flush effect 
industrial units. May be more now at following storms. Oil present in 
other sites flow 
MmS"hd8.ie -A ~enire-DUDiop ann -manhole- --
The results are given in full in appendix 3.3. 
-FUrther-iii~estfgation req~ ----, -An;~~O"Oi"~ ieS;i}iS -~-jjfssol~ed --- fuootiCiusi~e -n;sUii ------------ -------
113 Oxygen, and SC data reflect storm 
events. pH decreases during storms 
-Hen ~-tii8DhO"le-05i--- -------- ---- ----- The results are given in full in appendix 3.3. -S~t c3s"ht"g bre~~h~ii dUring- --, -Ali P;;&S -showed-drift-or -iii8Cti~tY ----- Di~poiD:~g NH/(N) -n;sU1ts~ -------
following fina1 storm. No ~ +(N) fina1 storm events on 23- 24 
variation detected during run. Result October (up to 3.5 mm per hour 
suspect. during each event). 
Foam strips added to casings. 
M8iSJid8ie -A ~enire~ -colliery-sidings --------
The results are given in full in appendix 3.3. 
-FUrthe~: iii~estfg3ti~~ req~'-----Poor ~lv~ OiYg~ i~~eis ----------- initiaipH-peak-to -io:o-dUriDg-iiiitial --
manhole 115 following light continuous rain events rain event 
(Hen Lane arm) increasing during larger storm events. 
Minor NH/(N) peaks to 0.2 mg r1. 
The results are given in full in appendix 3.3. 
Key to Table: SC - Specific Conductivity, 00 - Dissolved Oxygen, ~ +(N) ~ Total ammonia (ammonium), mg r l - milligrammes per litre. 
-00 
-.J 
Table 5.3 Investigation into Water Quality in Hall Brook. 
Date Loeatioa Results Comments Conclusions 
, 
5/8199 to Lythalls Lane Ammonium results at this site much Misconnection from a Nuning Still some rain related organic 
15/8/99 Manhole 971 (side ann to culvert) reduced with peaks to a maximum of bome identified. AU foul sewage contamination but the main 
run 4 1.69 mg r1 between the rain events on 6 connected to tbe storm system was source has been removed with 
and 9 August. The Dissolved Oxygen redirected to foul Marcb 1999. the removal of the Nursing home 
probe showed gradual decline over run misconnection. 
period giving unsatisfactory results 
-------------------------------------------- _~ _~.!1!!S_~ji~_!.l!!iA'_!.l! ~~i~ ~!1· __ --------------------------------------- -----------------------------------, Hall Brook at Marlisa SWS Results showed a non-stonn related The non stonn related ammonium Tbis contamination was found 
Discharge NH/(N) peak of7 mg r1. peak again points to a trade eflluent, to be tbe result of discharged 
Dissolved Oxygen variation decreased broken sewer pipe or domestic washing down Iiquon at a 
as did the level of oxygen saturation discharge through misconnection small pet food factory 
following the second stonn event 
-MarSlidaie -A ~enoo :-manhOle iii --------- _~ _ ~.!1!~ ~ .wy~_!I! !iA1_!I! !lP~l!'!~~ ~!1: _ GOOd -resUlts -shoWhlg-the -iiiipact-of- -- -Ammonia -illcreases at -thls-site ---Dissolved Oxygen levels were further 
Dunlop ann depleted but followed the same general local pollution and rainfall events in were attributed to the activities 
pattern as the upstream site after the this section of the culverted of a unit on Marlissa Drive as 
second rainfall event. NH/(N) peaks watercourse. identified above, though some 
were <2 mg rl. sewage debris is still being 
detected at this site 
-Hen i8De-manhOle 052 -------------------- The results are given in full in appendix 3.4. -Som~ signs-of-possibie -sC~~e ----------------------------;---------------- o;cyg~n-~tumtion at-thls-site is -------A number of minor Nl4 (N) peaks 
relating to stonn events were recorded. generally 10 at 50-70010 saturation. contamination in the system 
relating to rainfall or first flush 
effect 
M8iShd8i~-A ~enue:= iD8iiiioie -i i 4-------- --
The results are given in full in appendix 3.4. 
-i>issoived&yg~-le;eis at thls-site-- ---- This -sY8tem-~ppem reiati~~ly ci~- -- -FUrther-iii~estig~tioti furth~ ------. 
remained constant at around 82% at this site but shows some increase upstream required 
saturation with Nl4 +(N) peaks of less in ~(N) during rainfall events. 
than 1 mg rl during this run. 
The results are given in full in appendix 3.4. 
--
Key to Table: SC - Specific Conductivity, DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg rl - milligrammes per litre. 
-00 
00 
-00 
IC 
HT>""-~~i"'---~~ ---:-.---:-.-
Table 5.3 Investigation into Water Quality in Hall Brook. 
Date 
6112/99 to 
12112/99 
run 5 
Location 
St Paul's cemetery 
Results Comments 
After the first rain event on 61 There are still some signs of local 
December ~ +(N) peaks of up to I organic contamination in this system 
mg r1 were recorded which then settled 
back to an average of O.lmg rl. DO 
levels fell following the storm on 10-11 
December. 
Conclusions 
Possibly resulting from chemical 
or sewerage sources around the 
Dunlop site. 
=e~------------------------------[-~~===?'l'_r~==al~~~~~~f!~---I-~~=:~~~e::~n-this-----
Oxygen saturation at around 88%. conductivity and pH readings which culverted watercourse. 
both dropped during increased flows. 
--------------------------------------------r-~-~~~~~y7~-~~~!~~~~~~~~~~:-r--------------------------------------- -----------------------------------Marshdale Avenue - Dunlop arm Ammonium peaks are slightly higher These results denote some local input Further investigation and the use 
Manhole 113 than upstream but correspond to of organic matter to the system below of barbed wire traps required 
rainfall events. Otherwise stable results Lythalls lane between Lythalls Lane and 
obtained for ~+(N) and also DO, Marshdale Avenue on this arm 
which averaged around 65% saturation. of the culvert. 
--------------------------------------------r-~-~~~~-~:7~~~!~~~~~~~~~~~~:-r--------------------------------------- -------------------------------;---Hen lane manhole 052 Fault with NIl. (N) probe until second After the last run an investigation Removal of the connection 
rainfall event. Ammonium after this revealed a link between the between foul and storm sewer 
time is negligible. Dissolved Oxygen parallel sections of foul and surface and the repair of the minor leak 
levels remained stable at around 1 ()()OIG water sewers at Parkgate Road at this point on the foul sewer 
saturation and a minor leak on the foul. This has resulted in a great 
link was excavated and removed improvement in water quality 
immediately and the leak fixed. This would not have been found 
without monitors. 
The results are given in full in appendix 3.5. 
=~~~~P8lkgate~-------------r-==:~~~:%:-r!~~::~:~:~~:~~=-----l-Umeliable-~sUiiS.--- --- ---- ------
is a storm event event recovered sensor 
The results are given in full in appendix 3.5. 
Key to Table: SC - Specific Conductivity, DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg r1 - milligrammes per litre. 
Table 5.3 Investigations into Water Quality in HaU Brook. 
Date Location Results Comments Conclusions 
. 14/1/00 to Lytballs Lane Dissolved Oxygen probe failed or Barbed wire traps installed at all sites Barbed wire traps clear but 
2411100 Manhole 973 recorded an average of only 16% in addition to monitors. 'liquid' contamination 
run 6 saturation after the second day of the Spikes in conductivity/pH results suspected. Rhythmic nature of 
run. Nl4 +(N) peaks occurred daily with occur at the same time of day. every discharge indicates industrial 
large increases to 12.0 mg r1 in the last other day whilst Nl4 +(N) peaks process or practice. 
2 days. Conductivity and pH spiked occur at breakfast time and early Ammonium contamination may 
and fell again every 2 days just after evening each day. Only 1 short be from a domestic source 
midday rainfall event in this run. reflecting mealtimes. 
J\iii~~i~-------------------------------
_~!~_s~J~~_~~~~_~~~I_~~~~~~~~~:_ --------------------------------------- -----.-----------------------------Results recorded duplicated those As above As above 
manhole 082 found upstream at Lythalls Lane 
although Dissolved Oxygen saturation 
had improved and conductivity peaks 
I 
were less marked 
_~_~~~~ _~~~_~~ ~I_~~ ~p~~i~~~~:_ -------------------------------------------- ---------.----------------------------- -----------------------------------, Stadium Close Results recorded duplicated those As above. Higher Ammonium levels 
Gattic (heavy concrete) cover found upstream at Lythalls Lane and indicated some addition below 
Allied Close. Ammonium peaks were Allied Close site indicating foul 
higher at over 8mg r1 misconnection in Stadium Close 
itself. Further investigation 
required by Environmental I 
Health 
·~Fi~····························· 
The results are given in full in appendix 3.6. ._--_ ..... _-_ ..... _ .. _---_._-------j 
'ResUlts 'DiiiTOi-ed' thOse' found at' siteS·· ... j\S-abOife--····-···--····---··-------- Further investigation of both 
Gattic (heavy concrete) cover above this point but all values were suspected inputs required. 
reduced with Nl4 +(N) levels below 5 
mg r1 at all times. Dissolved Oxygen 
saturation was again reduced to an 
average of 500/0 
The results are given in full in appendix 3.6. 
--
Key to Table: SC - Specific Conductivity. DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg rl - milligrammes per litre. 
-8 
Table 5.3 Investigations into Water Quality in Hall Brook. 
Date Loeation Results Comments ConclusioDJ 
1112100 to Lytballs Lane NHi'"(N) peaks to 4.S mg 1"1 with rise following final This site is located on a side ann Some minor rain related increases in 
2112100 manhole 971 rainfall event of9.S mg r1. taking Lythalls lane drainage to the NRt +(N), which may point to local 
nm7 Dissolved Oxygen level fairly constant at around SO- culvert drainage with misconnections, which are 
9()01o saturation. flushed through or may be due to local 
flooded! leaking sewerage systems 
contaminating storm sewer. 
Iytj,8iis Lane- eo - - -- _~~ ~I!!~_~_~~~ _~_~! _i!1_ ~~!~_~.?: __________ . __ ._ rnSSc;ived-OXYgen ievels emrtic -. ----- 'poliution'appears-iObe-abO~c;or-near-thls--' Three peaks of non rain related conductivity as 
manhole 974 identified downstream but also a fourth on 11 following fIrSt storm event and point on the main culvert. Further 
February. affected at each rise in flow. The investigation required above and below 
monitor ceased working (either this point. 
casing breached or out of flow) on 18 
February. 
-.--------------_.--- -~~~-~-~~~-~-~!-~-~!~.~.!:--.---.------ .. --------------------------------------- -------------------------------------------_. Allied Close The pH showed an increase during the first storm NRt(N) peak precedes the rise On this occasion the pollution was 
manhole 082 event which then dipped slightly with subsequent detected at Stadium Close identified upstream of this site. It is 
events. Ammonium peaks corresponded more downstream possible that there is a second,(storm 
closely to rainfall events and the initial wet weather related) source above this point and a 
period took the readings off the scale local source (non storm related) at 
Stadium Close 
The results are given in full in appendix 3.7. 
--------------------------------------- -LOOiiammoiiiWil source s~-ai or- --. -StadiUiii-Close- --- -- . -----.----~--------------------------- .. ----------.----High NIl. (N) levels recorded following first storm Not all recorded ammonium 
event for 3 days with minor peaks corresponding to detection coincides with wet weather above this point. 
other storms. events. 
The pH increases at each storm event 
-DWiSiei pJBCe ------ _ ~ ~~ ~_g!~~ _i!t_~! _i!t_ ~ _~.J: ___ . ___________ -----+--------------------------------- -poliution -source-upstream -of this -point ----Max. NIl. (N) peak at IS.6mg I" 17 February. NIl. (N) Peak not storm related 
Dissolved Oxygen remained at around 83% with Some of the conductivity peaks not requires further investigation. 
only minor storm related drops. 3 of the conductivity storm related 
peaks (14,16 and 18 February) do not relate to storm 
events recorded at finham 
The results are given in full in &DDeDdix. 3.7. 
Key to Table: SC - Specific Conductivity, DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg r1 - miIligrammes per litre. 
-IC -
Table 5.3 Investigations into Water Quality in HaD Brook. 
Date Location Results Comments Conclusions 
10/3/00 to St Paul's cemetery 4 large NIl. T(N) peaks (maxllmg 1"1) This run was designed to investigate Ammonium source may relate to 
20/3/00 recorded which do not relate to rainfall the culvert above Lythalls Lane industrial process above this 
run 8 on 12, 13, 15 and 18 March .. Rainfall which was indicated as the main point discharging to storm 
event (14 March) resulted in rise of2 source of contaminant prior to sewer. Large increase in pH 
pH units. receiving rainfall data relating to the value during rainfall event may 
Single rainfaU event on 14 March. last run. DIS of Dunlop Ltd site. also be trade effluent related. 
---------------------------------------.---- _~_~~~~!!y~_~~l_~~'!<!~~~~~~_ --------------------------------------- -Suspect _oDiOOi source fro~--Holbrook Lane manhole 544 Non rainfall related ammonium peaks Manhole DIS of main interceptor 
recorded with falling DO % saturation Dangerous site because of heavy Dunlop site and/or foul sewer on 
traffic. Holbrook lane. 
Foul sewer inspected by 
Coventry ce. Suspect 
overflow pipe located and 
bloeked off 
-------------------._----------------------- _~_~~}~~.&iy~_~~I_!'!~~f!C!i_~~;~:._ -side m:m-iBking-dmiDage -frO~ -------- -sUSpect io~-flo~-hi mmihoie- ----Holbrook Lane manhole 534 Ammonium peak during rainfall event 
followed by smaller peaks also shown Dunlop frontage (no interceptor) prior to rainfall event. Organic 
downstream at manhole 544. Rainfall related ammonium peak pollution evident in surface 
following minimal activity water sewer not sampled since 
1980s. Dunlop site suspected. 
Further investigation required. 
Monitors required elsewhere 
until May. 
The results are given in full in appendix 3.8. 
Key to Table: SC - Specific Conductivity, DO - Dissolved Oxygen, NH.t\N) - Total ammonia (ammonium), mg rl - milligrammes per litre. 
-t~ 
Table 5.3 Investigations into Water Quality in Hall Brook. 
Date Location Results Comments Conelusions I 
12105/00 St Paul's cemetery Ammonium probe fault until storm This run was to confirm suspicions of This point is downstream of a 
to 2215/00 event on 17 May. NH/(N) peaks trade eftluent from Dunlop large bypass interceptor at 
run 9 (max> 8mg 1"1) reflect rainfall events discharging to the storm sewer. Dunlop ltd and the first peak 
on 17 may onward. Non rainfall related may show a first flush effect of 
conductivity peaks also identified. an ammonium source from the 
The results are given in full in appendix 3.9. _~~~_~_e: _____________________ . 
HolbrOOk Ime maDiiOie -544- -------------- -----------.---------------------------~- This ~iUihoie -ifi immediately-abO~e ---Daily ~ (N) peaks of up to 4.4 mg r The results suggest an industrial 
prior to the raintsU event manhole 533 and closer to the process is involved which is 
Low and erratic results for D.O. falling Dunlop outlets discharging illegally to the storm 
to <4OOAI saturation. sewerage system 
-------------------------------------------- _~_~~~!l!'I: .&iY~_~1! ~I_ ~I! ~~~;~:._ ---------------------------------------- ----------------------------------_. Holbrook Lane manhole 533 As above with ~ to a maximum of Monitor makes identification of Strong evidence of industrial 
around 17mg r . The pH rises as does intermittent TE discharge possible. discharge from the site upstream 
conductivity with each discharge of of this point. 
contaminant. 
-------------------------------------------- _~ _~~~ !l!'I: .&iy~_!.I! ~!~ !.I! ~.P-t:,!,!i_~ ~;~:. _ --------------------------------------- -----------------------------------Holbrook Lane Ammonium peaks showed daily peaks Side arm taking drainage from Conductivity and pH probes 
Manhole 534 to a maximum of over 17.2mg r1. Dunlop frontage (no interceptor) and likely to be out of flow until 
Following the second rainfall event the Southern side of site only. rainfall event. NR.(N) 
peaks subsided. DO saturation levels contamination from daily source 
reduced with each rainfall event. on Southern side of site requires 
investigation. 
-Foieshlii park upstream-of --- -------------- The results are given in full in appendix 3.9. --------------------------------------- -Nf4(N5 resUlts -denote -reguiar ----. Numerous -ieg1iiaC peakS -oiNii; +(N)" ---- Consistent impact on surface water 
Dunlop interceptor (main culvert) during dry weather period to 2.4 mg }"1 sewer of regular low-level trade eftluent discharge to 
(monitoring point 22, figure 4.9) ammonium source. surface water sewer from North-
The results are given in full in appendix 3.9. West side of site 
-Foiesbiil-~-downstreiUii-ofDUiiiop------ -AnWoIifWi i~~-e~-hlgh-lind emrti~- ------ --------------------------------------- -F~e~-~~~stig3iio~ ~~.- --_. Results suspect 
interceptor during dry weather period which fall to 
(monitoring point 21, figure 4.9) a constant level after the first rainfall 
event. The results are given in appendix 3.9 
Key to Table: SC - Specific Conductivity, DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg r1 - milligrammes per litre. 
-\0 
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Table 5.3 Investigations into Water Quality in Hall Brook. 
Date Loeation R.ults Comments Conclusions 
I 
216/00 to Foleshill park upstream of Dunlop Conductivity results show regular High levels of ammonium recorded The source of contamination 
19/6/00 interceptor peaks and Ammonium increases in dry from the Northwest side of the 
nml0 (monitoring point 22, figure 4.9) weather before dilution by rainfall site requires urgent investigation 
events with a maximum of 18mg r' on on site. 
6 June. Dips in 00 reflected each 
stonn event. 
--------------.----------------------------- _~ _~~~ ~ .wY~!l_ ~'! M>.P..c:.,!~i~~;! Q: ______ -----------------------------._-------- ----------------------------------_. Foleshill park downstream of Dunlop The results are more stable downstream Occasionally interceptor is blocked Possibly other contaminated 
interceptor of the large interceptor on site but still off for maintenance and is not sources entering large 
(monitoring point 21, figure 4.9) demonstrate fluctuations in the order of available to balance flow. underground interceptor direct 
one pH unit during each rainfall event. but interceptor acts as balancing 
Minor peaks in ammonium and tank for intermittent discharges 
conductivity were demonstrated in dry weather. 
The results are given in appendix 3.10. 
29/6/00 to Dunlop site drainage Dunlop site drainage shows storm Use of monitor allowed intermittent Commercially confidential 
917/00 Downstream of interceptor related discharges with minor discharges relating to trade processes report identified trade emuent 
nmll (monitoring point 21, figure 4.9) ammonium peaks but also some non- to be removed. Discussion with sources to be removed. 
rainfall related peaks to 6.2mg r'. Company, internal drainage study 
and report required on activities 
within the site 
HolbrOOk-Lane iDiDiiOie sj;fdownstream --
The results are given in appendix 3.10. -commerei8iiY -conftdeiiiiii.------------------+----------------------------- Use -or-monitOr aiiowed -iiitemiiitent---Major NH. (N) peaks identified to 
of Dunlop South maximum of 40mg r'. The pH discharges relating to trade processes report identified trade emuent 
(no interceptor) fluctuated over 2.5 pH units from 8.0 to to be removed. and misconnected drainage 
6.5 during the initial wet weather Discussion with Company, internal sources to be removed 
period. drainage study and report required on urgently. 
activities within the site 
The results are given in appendix 3.10. 
Key to Table: SC - Specific Conductivity, DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg rl - milligrammes per litre. 
-:e 
Figure 5.9 Methodology and summary of results - Hall Brook culvert 
I Hall Brook culvert r-. No pollution (None) 
, .. ~r 
Misconneetions (local pollution) Major pollution 
Stadium Close Hen lanel Parkgate Road 
Dunster Place Lythalls Lane 
Allied Close manhole 082 Holbrook Lane/ Foleshill Park 
Lythalls Lane manhole 974 upstream of St. Paul's cemetery. 
Lythalls Lane Nursing home (manhole 971) 
Hen lane I Parkgate Road arm 
-~ r 
Further investigation required Successful remediation 
Stadium Close Marlisa Drive trade effluent redirected to foul sewer 
Dunster Place Nursing home sewerage redirected to fouls sewer 
Allied Close manhole 082 Trade effluent discharges removed @ Dunlop site 
Lythalls Lane manhole 974 Sewer leak and foul to surface connection remediated 
at Parkgate Road. 
Holbrook Lane manhole 544, illegal foul sewer 
overflow to surface water sewer blocked off. 
The use of continuous monitors during run 2 confumed that the Hen Lane area was 
contaminated, and the daily ammonium and pH peaks suggested a direct misconnection 
rather than as a result of a storm related overflow, as shown in Figure 5.10. 
Ammonium levels on the 26 September exceeded the project benchmark (1.3 mg rl) by 
a factor of 10 during dry weather as shown in Appendix 3.2 and table 5.3. There were 
low Dissolved Oxygen concentrations, coupled with periodic high ammonium values, at 
the monitoring point in Lythalls Lane during run 3 between 16 and 26 October 1998 
(Figure 5.11). A large storm event occurred on 21 October at 13:15 hours, and continued 
until 13: 15 hours the next day, which gave a slight increase in pH, SC and Dissolved 
Oxygen. 
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Figure 5.10 Continuous monitor results for Hen Lane manhole 052 and Finham 
rainfall, 23 September to 3 October 1998 
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At 19:00 hours on 16 October, a peak of 16.9 mg 1'1 ammonium occurred (in conjunction 
with a stonn event), with a fmal peak of 7.40 mg 1'1 ammonium during a later event with 
a higher flow. Dissolved Oxygen levels dropped from around 60% to around 15% 
saturation, rising to 25% during the storm event, but immediately falling down to 2.7%, 
as shown in Figure 5.1]. 
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Figure 5.11 Continuous monitor results for Lythalls Lane manhole 971 and 
Finham rainfall, 16-26 October 1998. 
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The Dissolved Oxygen saturation values were very low for what was originally thought 
to be a clean arm of the culverted watercourse, though when it was removed after the 
monitoring period, the probes were covered in foul sewer debris_ Further monitoring of 
the stonn water system highlighted a 20-metre length of the brook where foul sewage 
was entering the system. Using CCTV, a misconnection from the foul sewer of a 40-bed 
residential care home was identified. The home had been extended 5 years previously, 
and the builders had connected the foul water sewer directly into the stonn water sewer. 
All sewerage from the property was redirected to the foul sewer in March 1999. 
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Continuous monitors recorded high levels of ammonium on the Dunlop arm of the Hall 
brook culvert (Figure 4.9), which indicated both storm and dry weather contamination 
sources. A potential trade effluent was identified at Marlissa Drive during run 4 (table 
5.3), by detection of an ammonium peak which was not directly storm event related, but 
may have been indicative of a flush through of collected contaminants, as shown m 
Figure 5.12 
Figure 5.12 Continuous monitoring Marlissa Drive, Run 4, 5-15 August 1999 and 
associated (Fin ham) rainfall figures 
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This was later identified as the result of trade effluent, involving wash down liquors 
from a small pet food company on the industrial estate. The high levels of ammonium 
and low levels of Dissolved Oxygen saturation detected at Lythalls Lane during run 3 
were much improved in run 4, following the detection of a major misconnection from 
the large nursing home on Lythalls Lane. The monitor on the Parkgate arm of Marshdale 
Avenue at manhole number 114 (Figure 4.9) showed a fall in Dissolved Oxygen levels 
below 52% saturation on 6 December following a storm event, and the ammonium 
levels rose to nearly 60mg 1-1, as shown in Figure 5.13. 
Figure 5.13 Finham rainfall and Continuous monitor results Marshdale Avenue 
(parkgate Arm, manhole 114) 6- 13 December 1999. 
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Between 9 and 10 December the ammonium value peaked at over 65 mg rl NH.+(N), 
indicating gross contamination of this arm. Following this investigation, a survey found 
foul debris further upstream in the surface water sewerage system, and the source was 
traced to a point between two manholes on Parkgate Road. A straight cross-connection 
between the foul and surface system was discovered, which was subsequently excavated 
and removed. The 1963 sewer replacement map (Coventry City Council, 1963) (Section 
3.12) also indicates the possibility of a storm overflow, numbered 04, which was not 
identified for removal during the construction of the Sherbourne Valley sewer in 1963-
1969. This overflow still requires investigation by Severn Trent Water Ltd., and further 
monitoring by the Environment Agency using continuous water quality monitors, when 
resources allow. 
The monitor at Lythalls Lane manhole 971, between 6 and 13 December (Appendix 
3.5), showed a marked improvement in quality, with average ammonium levels of 
around 0.4 mg rl, and Dissolved Oxygen saturation consistent at around 88.4%. The 
results of the Monitor on the 'Dunlop arm' (Le. the surface water system downstream of 
the Dunlop Ltd site, Figure 4.9), indicated that the Hall Brook possibly still had some 
problems; with Dissolved Oxygen levels at or below 60% saturation and ammonium 
peaks to nearly 2mg rl (Appendix 3.5). For the run between 14 and 24 January 2000 
(run 6, Figures 5.14-5.18), a monitor was placed in the main river culvert on Lythalls 
Lane at manhole 973, to determine the extent of contamination arising from the areas 
upstream of Lythalls Lane itself. Peaks in SC of up to 3mS cm-I were recorded at 48-
hour intervals, between 06:45 hours and 09:45 hours, starting on 16 January, and ending 
on January 22, when a peak of 5mS cm-I was recorded. Ammonium concentration also 
fluctuated, with several peaks of 3mg rl and a larger peak of 12mg rl on 22 January. 
Monitors downstream on the Hall brook culvert at Allied Close and Stadium Close 
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(monitoring points numbered 12 and 11 respectively, Figure 4.9) mirrored the Lythalls 
Lane (manhole 973) results (Figures, 5.14 and 5.17 below). 
The Dunster Place monitor results (monitoring point 9, Figure 4.9) were similar to those 
of the upstream monitors. A barbed wire trap at this point had collected a large quantity 
of sewer rag, which possibly indicated domestic sewage misconnections in the local area 
or an unknown foul sewer overflow operating intermittently, upstream. Regularly 
repeating peaks in SC and pH were also recorded at manhole 973 on Lythalls Lane and 
all of the other sites monitored during run 6, with little correlation to the single rainfall 
event during the monitoring period (Figures 5.14-5.18). Dissolved Oxygen levels dipped 
as ammonium levels increased during this period of monitoring. 
This contamination, during a period of relatively little rainfall, indicated a further source 
of sewage misconnection, or trade effluent, above the Lythalls Lane monitoring point at 
manhole 973, and further investigation revealed a storm relief connection on Holbrook 
Lane, as a 9 inch overflow to a 9 inch surface water sewer (Coventry City Council, 
1963). The overflow was not removed as planned in 1963 (Section 3.12), but was sealed 
off with concrete to prevent further overflow of foul sewage, as a result of this 
monitoring data. The results for run 6 on the Hall Brook system are given in Figures 
5.14 to 5.18. 
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Figures 5.14 - 5.18 Continuous monitoring results for run 6 on the Hall Brook 
culvert 14-24 January 2000 with associated rainfall (Fin ham) for the period. 
Figure 5.14 Allied Close 
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Figure 5.15 Dunster Place 
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Figure 5.16 Lythalls Lane 
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Figure 5.17 Stadium Close 
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Figure 5.18 Rainfall recorded at Finham Sewage Treatment Works during run 6 
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The fmal investigations on this system (runs 9-11, table 5.3), concentrated on an 
industrial site located next to the park on Holbrook Lane (Figure 4.9). Investigations 
using the sondes immediately downstream of the Dunlop factory on Holbrook Lane 
revealed high ammonia levels, indicating intermittent discharges of foul sewage to the 
culverted southern arm of Hall Brook. Dissolved Oxygen saturation levels again fell 
during the ammonium contamination peaks and SC and pH levels increased at all sites. 
Data recorded using the multiprobe sonde, was used to instigate a closer inspection of 
the two manhole chambers in the road, and an illegal cross-connection between the 
manholes on the short adopted section of surface water sewerage on the main road was 
identified, as discussed previously. The Water Company and Coventry City Council 
blocked this connection pipe off in the following couple of months. Subsequent surveys 
between May and July 2000 identified high levels of solids and some ammonium 
contamination, which was identified to the Company for further investigation. 
Continuous monitors placed on and around the site identified dry weather, first flush and 
storm related events from both the Eastern side of the site (which is drained by a large 
oil interceptor tank), and also from the Southern and Western areas that did not, at that 
time, benefit from oil interception, settlement or monitoring. The results were passed to 
the Landlord Company and Severn Trent Water Ltd (who were responsible for 
controlling discharges to the adopted surface water system) for investigation and 
removal of the polluting discharges identified. The monitoring of these industrial 
discharges was very successful in showing intermittent contamination in the culverted 
watercourse, as shown in Figure 5.19, and was instrumental in removing a number of 
discharges, which would have otherwise gone undetected using spot sampling 
techniques, during daylight hours. The results gave the company an indication of which 
processes were at fault, by comparison of known process periods with discharge quality 
204 
~ 
~ 0 
0 
0 
I 
Q. 
results and the contaminant peaks identified, as demonstrated in Figure 5.19. The 
evidence was not disputed, and number of illegal discharges involving machine cutting 
oils (suds oil), sink misconnections and process effluents were removed. Other sites 
monitored gave consistent results and are given in Appendix 3. 
Figure 5.19 Ammonium peaks identified at Holbrook Lane manbole number 533 
(downstream oftbe Holbrook Lane industrial site) during dry weatber 
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5.2 Conclusions- Phase 1 
5.2.1 Swan Lane Culvert and Gulson Road Surface Water Sewer 
The investigation into the Swan Lane culvert and GuJson Road surface water drainage 
system was hampered by heavy traffic conditions along the run of the sewer, which 
made the deployment of the continuous monitors more hazardous. The average results 
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for ammonium at the Northern end of Oulson Road (table 5.1) were around 2.5 mg rl 
during dry weather, peaking to more than four times the concentration of 1.3 mg rl 
identified as a 90-percentile for a class C (fairly good) watercourse (Section 2.4.2). The 
results therefore indicate a level of organic contamination at this point, but the position 
of the surface water sewer (along a busy main road), requires that further investigation 
upstream of this point would involve the use of an equipped team of operatives with full 
Health & Safety assessments and procedures. The drainage system downstream of this 
point demonstrated ammonium peaks linked to rainfall levels, as before, but there were 
also increases above 1.3 mg rl during dry weather. The pH measurements dropped 
during storms and reached values of up to 8.4 during dry weather. The results indicated 
that local contamination, (both storm related and non-storm related) was present, and 
further investigation revealed domestic misconnections from adjacent properties, and the 
presence of an illegal storm overflow from the nearby Sherbourne Valley foul sewer, on 
Oulson Road. This overflow had been identified for removal in the 1960s improvement 
programme as discussed in Section 3.1.2. The flashy nature of the drainage system, with 
minimal base flows, led to high 00 levels being recorded during most of the 
investigation, and only minor troughs were identified during storm events. This was not 
the case in the Swan lane Culvert, where the base flow, derived from groundwater, canal 
overflows and possible misconnections, gave better coverage of the continuous monitor 
probe to give more consistent and representative measurements. In general, where 
culvert flows were sufficient to cover the probes, the continuous monitors gave a good 
representation of the relative impacts of contaminants on specific stretches of the Swan 
Lane culvert, and Oulson Road surface water sewers. The data identified a number of 
major continuous or intermittent pollution sources, which would not have previously 
been traceable by spot sampling, with the limited resource available to this work. 
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5.2.2 Springfield Brook 
The Springfield Brook survey was more complex to undertake, involving access through 
large concrete covers to deep chambers and the shallow broad culvert. The complexity 
of the drainage system and urban nature of the catchment, meant that the more serious 
problem areas probably overshadowed a number of minor pollutant sources. The 
presence of a large weir overflow from the Coventry Canal to the drainage system 
appeared to impact on the results, adding dilution to the culvert flow and smoothing the 
peaks and troughs identified during the monitoring period. The canal is a class C (fairly 
good) watercourse, receiving no trade effluents or discharge from major drainage 
systems in the area, and any effect on quality is likely to be one of dilution. 
Low flows, and periods of no flow at all in the upper reaches of the drainage system in 
the mainly residential area of Keresley Heath (see Figure 4.8, monitoring points 1-6) led 
to generally high levels of DO saturation being recorded, and ammonium peaks 
recorded during and between storms suggested local residential misconnections and first 
flush concentrations in the shallow drainage systems. The monitor results correctly 
identified the unusual levels of the pollutants in the foul sewer, which had been 
mistakenly monitored at Dickens Road during run 6. The ammonium peaks and 
ammonium troughs were erratic yet constant throughout the monitoring period, though 
interestingly the increase in DO saturation following rainfall events suggested a 
component of combined sewerage or groundwater infiltration, which is not uncommon 
in the older areas of Coventry. The results for this site give an indication of what can be 
expected in a residential foul sewer, and offer a useful comparison against both clean 
rainwater systems and surface water drainage systems contaminated with sewage from 
domestic misconnections, seepage from adjacent blocked foul sewers and illegal 
combined sewer overflows. Run 6 (table 5.2) also identified that although continuous 
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monitoring of surface water drainage systems with minimal base flows can be difficult, 
some indication of problem stretches can still be achieved. Where readings are falsely 
high or low throughout the monitoring period, specific events or discharges can still give 
rise to relatively significant peaks and troughs that can indicate the presence of a 
contaminated source. Point source pollution can then be confirmed by using targeted 
camera surveys or dye tracing techniques. 
At and around the Courtaulds site the concentrations of Ammonium increased, and it 
was suspected that an organic source was impacting on the monitoring site. Ammonium 
levels at over 20 times the trigger level for this investigation (1.3 mg r1), suggested that 
an immediate survey of the drainage system, using CCTV, above this point was 
required. It was subsequently determined by targeted investigation, that an illegal trade 
eftluent of high BOD and low volume, was located discharging into one of the surface 
water systems draining to the site on the Foleshill Road (see Figure 4.8). 
Continuous monitoring at Springfield Place identified high levels of ammonium, and a 
large number of peaks and troughs for ammonium and DO saturation respectively. 
Similar results identified previously at other sites identified that this site was also likely 
to be a foul sewer. Further investigation of detailed sewer plans confirmed that this was 
the case, and the sampling point was moved to an adjacent chamber on the culverted 
watercourse at the same site. Although high ammonium levels at the new monitoring 
point indicated that the illegal trade effluent discharge had resumed, the results were 
more representative of a contaminated surface water sewer system, showing peaks of 
less than 14mg r 1• At Cash's Lane the results also indicated that the illegal discharge 
had resumed. Further investigation at the point of discharge confirmed that this was the 
case. 
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5.2.3 Han Brook Culvert 
The use of continuous monitoring on the Hall brook culvert was very successful, and led 
to the removal of a number of sewage misconnections, several storm relief connections 
and a large number of illegal trade eftluent discharges. Many of the discharges would 
have remained undetected if spot sampling of the upstream and downstream open 
sections had been used in isolation. The major continuous discharges again masked the 
minor pollution inputs, but as each source was identified and removed, it was possible to 
concentrate on a specific area of drainage to identify the more elusive intermittent or 
rain related discharges. Some equipment failures, low flows and storm damage hindered 
the possibility of obtaining accurate quantitative information in one investigative run, 
but again comparative results could be used when the levels of contaminant recorded 
were suspect. The correlation between specific determinands and between data from 
monitors placed in separate locations during the same investigation, was often good, and 
gave enough confidence in the results to progress the investigation to other areas, and 
make sound operational decisions relating to allocation of resources for intrusive 
investigations of the drainage system. 
5.2.4 Summary. 
The use of continuous monitors was very successful in tracing intermittent and illegal 
discharges in surface water drainage systems, and led to the removal of a significant 
number of illegal foul sewer overflows, industrial and commercial discharges, and 
misconnections from domestic foul sewer systems. 
The investigation work was supported by the Severn Trent Water Ltd. as part of an effort 
to improve the water quality of storm flows arising from the City of Coventry, which 
could not be investigated as part of the Urban Pollution Management study (FRlCL 0002. 
FWR, 1994; Clifforde and Williams, 1998) previously funded by the Company and the 
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Environment Agency. It was hoped that any improvements made would complement the 
improvements to Finham Sewage Treatment Works, and result in a vastly improved 
situation following swnmer storms in the River Avon at Saxon Mill near Warwic~ as 
detailed in Sections 3.6 -3.9. Whilst not entirely due to the improvements bought about by 
this investigation into urban runoff in the River Sowe catchment, nor from the 
improvements made following the UPM project, there has been a marked improvement in 
the water quality of the River Sowe (table 3.1 and Figures 3.4, 3.5 and 3.6) and River 
Avon catchments, as shown in table 3.2, and Figures 3.9 a)-e). This investigation work 
was not directly funded, and the technology employed was supported by other water 
quality work across the area. The water quality problems encountered were quickly 
addressed by approaching the problems identified to Severn Trent Water Ltd. and their 
Agents, in a spirit of co-operation and collaboration, rather than enforcement. On 
occasion, particularly where privately owned drainage systems were involved, the ability 
to use enforcement under the Water Resources Act 1991, was a necessity. The results 
obtained, and the success of the investigations using continuous monitors on culverted 
watercourses and surface water systems in urban areas confirms the hypotheses (Section 
1.4) that: 
... the use of continuous monitors can give an accurate graphical representation of the 
changeable nature of quality and flows in urban watercourses and assist in the 
investigation and removal of polluting intermittent organic discharges in a cost effective 
manner. 
And furthermore that: 
.... analysis of water quality during storm events at multiple sites on a continuous basis 
will reveal hitherto unknown cross connections between surface and foul sewers, broken 
sewers and industrial and commercial effluents quickly, and that removal of these 
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illegal discharges will result in a marked improvement in water quality, as identified by 
routine sampling programmes, for affected watercourses. 
The success of this application of continuous monitors is discussed in relation to the 
objectives of this research in Chapter 8. 
Chapter 6 will investigate the results obtained from using continuous monitors to 
identify intermittent sources discharging to the larger River Sherbourne culvert, in 
Coventry city centre, during storm events and dry weather. The impacts of a series of 
Combined Sewer overflows (CSOs) located upstream of the city centre culvert, and the 
culverted watercourses studied in Phase 1 (Figure 4.5) are determined (Section 6.1) and 
discussed (Section 6.2) in accordance with the methodology outlined in tables 4.6 and 
4.7, and Figure 4.1. The results for Phase 2 were used as a baseline for pollutant 
concentrations, and as a comparison to determine any improvements in water quality 
during Phase 3. The later investigations (October 1999- September 2000) in Phase 2 
(table 6.2), and investigations in Phase 3 (Section 7.1) also identified pollutants that 
cannot be measured using continuous monitors, such as heavy metals, SS and ortho-P, 
using automated sampling equipment (on some investigative runs as identified in table 
4.7), in combination with the monitors during storm events and short periods of dry 
weather. 
The fmal phase of the research (phase 3) investigated the River Sherbourne following 
remediation of the CSO problem identified above (Figure 3.8). and the results are 
discussed in Chapter 7. 
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Chapter 6 Phase 2 Results 
Introduction 
Phase 2 of this research examined early data (1996 to 1997) obtained from monitoring 
the River Sherbourne at sites upstream and downstream of the culverted city centre 
section, as identified in Figure 4.10, and summarised in Tables 4.6 (methodology) and 
6.1 (results). Further data, using continuous monitors upstream and downstream of the 
city centre from October 1999 to September 2000, was also obtained during Phase 2, to 
identify the impact of wet weather events prior to the replacement of six unsatisfactory 
combined sewer overflows with a new foul sewer and one high level stonn relief 
overflow, as detailed in Section 3.5, Figure 4.10 and Tables 4.7 (methodology) and 6.2 
(results). The research met the requirements of objectives 1.2 and 3, as detailed in 
Section 1.4, and discussed further in Chapter 8. 
6.1 The River Sherbourne and Albany Road storm overOows 
6.1.1 Early investigations results 
A number of monitoring runs were carried out using YSI quality monitors, placed above 
and below the pennitted combined sewer overflow outfall at Hope Street (Figure 4.10), 
situated immediately before the River Sherbourne enters the culvert passing under the 
City Centre (Figure 4.10). Monitors were also placed at locations in the open 
watercourse as the river emerges from the culvert, as identified in Section 4.4.1 and 
Table 4.6. The results are given in Appendix 4, and summarised in Table 6.1 (page 
220). Initial investigations into the water quality of the River Sherbourne showed low 
Dissolved Oxygen levels and elevated ammonia levels at Wave ley Road, upstream of 
the Hope Street outlet, and also at Rudge Road below the Combined sewer outfall, as 
shown in Appendix 4. The pumping station overflow, situated at Park Road upstream of 
the City, and consented discharges (now removed to foul sewer) from eight private 
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sewage treatment plants (including 3 hotels, 3 industrial estates, a large garage and a 
residential home), to Pickford Brook (Figure 3.2), were thought to be contributory 
factors . A continuous monitoring run between 2 - 8 April 1997 recorded a minor 
rainfall event, which was linked to an elevated peak of ammonia (15mg rl) in the 
watercourse at Charterhouse, as shown in Figure 6.1. 
Figure 6.1 Ammonium concentration during the 1997 rainfall event in the River 
Sherbourne at Charterhouse (2-8 April 1997) 
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The continuous monitor showed the impact that the storm overflows and the culverted 
watercourses were having on the River Sherbourne at the Charterhouse GQA sampling 
point, with Dissolved Oxygen falling consistently to around 12% saturation, although 
diurnal variation was maintained, even at the reduced levels, as shown in Figure 6.2: 
Figure 6.2 Dissolved Oxygen concentration during a 1997 rainfall event in the 
River Sherbourne at Charterhouse (2-8 April 1997) 
150 r-----------------------------------------------------, 
During a dry period at the same monitoring point, between 11 - 14 April 1997, the DO 
and ammonia readings still show a poor quality watercourse, which fails quality 
standards for ammonium and Dissolved Oxygen, but with more consistent results and a 
greater natural diurnal variation in oxygen saturation, as shown in Figure 6.3. 
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Figure 6.3 Dissolved Oxygen concentration during a period of dry weather, 1997, 
in the River Sherbourne at Charterhouse (11-14 April 1997) 
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The DO levels generally reduced following storm events, but the main impact of wet 
weather discharge to the River Sherbourne was to diminish the diurnal pattern of DO 
saturation recorded during dry weather. The level of DO saturation was generally higher 
upstream of the city centre, above the urban stormwater inputs from the culverted 
watercourses identified in Figure 3.2. DO saturation was reduced from around 50-90% 
to a diurnal variation of 45-80 %, with minimum levels below 10% recorded on 
occasion, following rainfall, as identified in Section 5.2. Immediately after a rainfall 
event the diurnal variation was lost for up to 2 days, with recovery following continued 
rainfall, or a period of dry weather. The ammonium levels also showed a consistent 
diurnal rhythm, with peaks of greater than 3 mg rl at around 17:00 hours each day, as 
shown in Figure 6.4: 
Figure 6.4 Ammonium concentration during a period of dry weather, 1997, in the 
River Sherbourne at Charterhouse (11-14 April 1997) 
3.5 r--------,,---~-------~~-_:__:-:----;-""7::__----~ 
3 
2.5 
";' 2 
~ 1.5 
1 
0.5 
o ~~-----------~~~--------__ ~~~--____ - __ ~ ____ ~~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ g s ~ ~ ; ~ ~ ~ ~ 8 g 8 ~ ~ ~ ~ ~ ~ ~ ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
dme(h:m) 
214 
The influence of algal populations in the watercourse in dry weather (11-14 April 1997) 
was shown in the diurnal rhythm for pH recorded during long term monitoring runs. 
During the hours of sunlight in dry weather, pH increases at the Rudge Road monitoring 
point by almost 1 pH unit as carbon dioxide is absorbed to enable photosynthesis, and 
falls again during the hours of darkness, as CO2 is released into the water during algal 
respiration, as shown in Figure 6.5: 
Figure 6.5 Diurnal pH variations at Rudge Road 11-14 April 1997 
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It would be expected that diurnal variation for pH and DO measurements downstream 
of the city centre culvert would be diminished in the absence of sunlight and 
photosynthetic activity, but this does not appear to be the case. The culverted section is 
relatively short, and there is a length of open shallow watercourse immediately before 
the downstream monitoring points, which would allow the resumption of algal activity, 
as shown in Figure 6.6: 
Figure 6.6 Diurnal pH variations at Charterhouse 11-14 April 1997 
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The cumulative effect of algal activity below the culverted section, in addition to that 
measured upstream, will cause an increase in the amount of carbon dioxide utilised by 
the algal population in the watercourse, and thereby increase the pH levels at the 
downstream monitoring point. The possible introduction during daylight hours of 
alkaline discharges, arising from domestic and industrial nllsconnections during the day, 
may also be a contributory factor. A comparison of pH levels upstream and downstream 
of the city during the featured post remedial monitoring runs is made in Section 7.3.3. 
The dry weather pH increases at Charterhouse identified in Figure 6.6, were also 
coupled with an increase in the total ammonium, and unionised ammonia concentrations 
as shown in Figure 6.7: 
Figure 6.7 Charterhouse Ammonium & Uoiooised Ammonia concentrations 
11-14 April 1997. 
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The level of ammonium (total ammonia) found exceeds the 95-percentile figure of 1.3 
mg I -I for a class C watercourse, as identified previously, and the unionised ammonia 
concentration measured at the downstream site exceeds the 95-percentile for unionised 
ammonia of 0.021 mg rl each day, with maximum values of 0.7 mg r' achieved. The 
toxicity to fish species of unionised ammonia is as identified in the Fundamental 
Intermittent Standards suggested by the UPM process, as given in Table 2.14 
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(Fowulation for Water Research, 1993), and discussed in Section 2.5.1. Concentrations 
are upper thresholds, which apply when DO levels are above 5 mg r1. The thresholds 
also assume pH is above 7, and temperature is above 5°C. The toxicity of un-ionised 
ammonia approximately doubles with a unit drop in pH and a 10°C drop in temperature 
(Foundation for Water Research, 1993). The unionised ammonia levels found during 
this phase of the research were far in excess of the fundamental intermittent standard 
maximum levels, and although the daily concentration maximum in dry weather was 
maintained for only 45 minutes at a time, even the yearly return figure of 0.250 mg rl 
was breached on a daily basis, as a result of the discharges from the culverted feeder 
streams or discharges directly made into the culverted section of the watercourse at this 
time. A decrease in pH, coupled with an increase in un-ionised ammonia, could present 
a potential risk to fish species. 
Ionised ammonia, which predominates at lower pH values, is much less toxic to fish 
(Tebbutt, 1997), as reflected in more relaxed water quality standards (Section 2.4). It is 
therefore likely that the reduction in pH following a storm in the River Sherbourne, 
which is not a recognised cyprinid fishery, will not be a major factor in determining the 
cause of fish mortality in the lower reaches of the Rivers Sowe and Avon, although the 
contribution from this catchment to the total ammonium load in the receiving 
watercourses appeared to be significant during this early period of monitoring. Ionised 
ammonium concentrations were generally found to be higher downstream of the city, 
indicating unknown pollution sources from the culverted streams discharging to the 
River Sherbourne. 
One of the most significant monitoring runs was that carried out between 8 August 1997 
and 20 August 1997, on the main River Sherbourne. The River Sherbourne at 
Charterhouse shows the impact of a storm event on water quality. Prior to the storm of 
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13 August there was a wide diurnal variation of Dissolved Oxygen concentrations 
observed, ranging from 160% in the late afternoon to below 30% at around midnight. 
Following the storm event, the Dissolved Oxygen fell to around 0% for 5 days before 
recovering to normal levels. The ammonium increased from around O.lmg rl prior to 
the storm, to a peak of 3.2mg rl, 4 days after the start of the event, as shown in Figure 
6.5: 
Figure 6.8 Continuous monitoring results for Charterhouse 8-20 August 1997 
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The River Sherbourne upstream, at Waveley Road, also showed a wide diurnal variation 
in Dissolved Oxygen prior to the storm (Figure 6.9), although the minimum 
concentration was around 50% saturation. Immediately following the storm, the 
Dissolved Oxygen decreased to around 10% saturation, but returned to pre-storm levels 
within 24 hours. The Waveley Road monitoring point is in an urban catchment, and is 
downstream of a consented pumping station storm overflow at Park Drive in the lower 
reaches of the Pickford Brook (Figure 3.2), but is upstream of the Albany Road CSOs 
and the City centre. 
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Figure 6.9 Continuous monitoring results for Waveley Road 8-20 August 1997 
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A total of 8 investigations were carried out between October 1996 and September 1997, 
as detailed in Table 4.6, and the results are given in Appendix 4, and summarised in 
Table 6.1. The River Sherbourne was also monitored from October 1999 to September 
2000, during phase 2, and demonstrated continued problems relating to intermittent 
pollution and urban runoff, as detailed in Table 6.2, with high ammonium 
concentrations upstream and downstream of the city, and major disruption to the natural 
DO diurnal rhythm following rainfall events. The use of automated samplers, in 
combination with the continuous monitors, also allowed heavy metals and phosphate 
analysis, and a number of possible trade effluent sources were identified as a result. 
219 
t..> 
t..> 
o 
Table 6.1 Investi2ation into River Sherbourne Phase 2 Albany Road early data 1996 to 1997). 
Date Location Results Comments 
Run 1 Waveley Road Dissolved Oxygen readings show Following prolonged rainfall on 9 
3/10/96 to diurnal variation from 60 to 90 % October the diurnal variation is 
14/10/96 saturation after initial disruption temporarily lost and returns with 
(4-14 Oct following 4.5 mm storm event. slightly deeper troughs. 
RudgeRd) Minimum DO drops consistently Ammonium level increased to 
below 50% after 9 October. 0.7mgr1 before falling during next 
The results are given in full in appendix 4.1 rainfall event. 
------------------------------------------. ------------------------------------------ ------------------------------------_.------Rudge Road Ammonium concentration Ammonium peak occurred between 
increases after first rainfall event rainfall events 
with a peak to Img rl after the 
second. The concentration then 
peaks to a maximum of 2.2 mg rl. 
on 11 October. 
The results are given in full in appendix 4.1 
Run 2 Waveley Road Before the fll'St rainfall event some Ammonium levels were within 
16/10/96 peaks of Ammonium were acceptable levels and dilution 
to identified at around 1.7mg rl. occurred during rainfall events 
28/10/96 During the f1l"St rainfall event this 
value was reduced to around 0.9 
mg rl. The diurnal pattern for DO 
was disrupted by storm events . 
. ~ ~lfl..~ .~.s!~~ .i!t. tl!l! .i!t. ~ .t·~ .. ------------------------------------------. --------------------------------------------Rudge Road Ammonium peaks up to 2.8 mg r Ammonium peaks occurred between 
were identified during rainfall rainfall events to unsatisfactory levels. 
events. An increase of Ammonium 
to over 2.5 mg rl occurred between 
rainfall events. 
The results are given in full in appendix 
4.2. 
--
Key to Table: DO - Dissolved Oxygen, ~ +(N) - Total ammonia (ammonium), mg rl - milligrammes per litre. 
Conclusions 
! 
Dissolved Oxygen probe 
demonstrated a small impact on the 
river during rainfall. 
Ammonium concentration within 
acceptable limits and diluted by 
rainfall events. 
'one' of the Aibany' Road overflows···· 
may be operating during dry weather 
or as a result of local rainfall event 
Ammonium levels detected arise 
from the Pickford Brook catchment 
above this point which has a high 
concentration of private sewage 
treatment plants. 
I 
I , 
-------------------------------------------Again one of the Albany Road 
overflows may be operating during 
dry weather or as a result of local 
rainfall event 
--- - - - -- - ~ - --- - - - - - - - --
Date Location Results Comments Conclusions 
Run 3 Wave ley Road One large ~ +(N) spike to over 4 Suspect results for Ammonium Probes may have been 
1111196 to 12111196 mg rl occurred early on 4 November but matched at Rudge Road. covered in debris following 
accompanied by a dramatic dip to storm event on 3 November 
0% saturated Dissolved Oxygen. or there may have been a 
DO recovered quickly to diurnal sudden surge of Ammonium 
I 
variation with levels to below 10% from an unidentified pollution 
saturation at times. event. 
---------------------------------._--------- _ I'!~ ~!:l!~_ ~ g!~~ }!l_!i!l) _i!t_ ~~~}!'_~} __ --------------------------------------- -----------------------------------Rudge Road Ammonium at 0.5 -1.0 mg I" except Ammonium spike may have 
for spike in excess of 4 mg 1"1 on 4 indicated an overflow at Park 
November as at Waveley Road Road pumping station Skm I 
upstream. On 3 November or I 
local event! pollution i 
The results are given in full in appendix 4.3. incident. i 
Run 4 Waveley Road Ammonium peaks to 0.5 mf r1 on Ammonium within acceptable Third peak, coincident with 
12/11196 to 26/11196 16 November and 0.8 mg r on 19 limits for watercourse. 00 dip may be due to local 
November during rainfall events but rain event not identified at 
maximum peak of 1.3 mg rl on 22 Finham. No major 
November unrelated to stonn event. contamination identified. 
00 average 75% saturation. 
Minimum 50% saturation. 
------------------------- -iiihige-~----------------------------- ~~~_~B!~~}~!i!l)_i!t_~~~_~:.1· __ -Unaccepiabie-ievels' of --. --- ---- -- -unsatiSfactory --. ----------.. --I Run 4 Dissolved Oxygen levels fell to an 
12/11196 to 20/11/96 average Of 40010 saturation after the Ammonium reached during concentrations of NH/(N) • 
only first rainfall event increasing to 60% rainfall periods. following operation of 
during prolonged rainfall after 17 Albany road storm 
November. Ammonium levels overflows. 
increased for 3.5 days after 17 
November peaking at 4.5 mg rl 
The results are given in full in appendix 4.4. 
Key to Table: 00 - Dissolved Oxygen, ~ +(N) - Total ammonia (ammonium), mg rl - milligrammes per litre. 
fj -
- ---- ---- - - ...... --a' ---- ---- -_. -- -- ----- - ----- - ------ ----- ----- --- --- -- - - - - -- - - -
Date Location Results Comments Conclusions 
RunS Rudge Road Following a Imm rainfall event on Marked increase in ammonium Suspect Albany Road stonn 
2/4/97 to 8/4/97 4 April DO diurnal variation ceased during rainfall events overflows operating 
until after the rainfall event on 6 unsatisfactorily. 
April. NH/(N) max ISmg rlduring 
fIrst stonn event and 10 mg rl 
during the second 
-_ .. ---------------------------------------- _ I'!«: ~~~~ _ ~ g!~ .i!1_ !i!l1.i!1_ ~P~!1~.i!'_ 4~~:_ ---------------------------------------- -----------------------------------Charterhouse 3 April - ammonium peak of The ammonium peak occurred Ammonium source 
IS mg rl Turbidity increased during during dry weather. probably arising from 
rainfall events. The pH fell to <4 Oxygen saturation fell to an culverted watercourses 
during the first stonn average of only 20% after the below Rudge Road. Further 
stonn period though diurnal investigation required 
The results are given in full in appendix 4.5. variation was maintained 
Run 6 Waveley Road The NH.t +(N) concentration stayed Dissolved Oxygen fell slowly No rainfall during this run. 
1114/97 to 1414/97 below Img rl except for 2 small with no diurnal variation. No major contamination 
peaks to max 1.lmg rl. DO showed Turbidity peak unexplained on identified. 
diurnal variation. 12-13 April. 
No storms -------------------------------------------- J.:I!c:~!'~~_~g!!~_~!i!l1}~~~!'_4~~·_ ---------------------------------------- -----------------------------------Rudge Road Ammonium peaks on 12 and 13 Unusual dry weather peaks Suspect uDsatisfactory 
April to 1.4 and 2 mg rl detected. operation of one or more 
respectively storm overflows at Albany 
The results are given in full in appendix 4.6. road. 
-------------------------------------------- Ammonium peak-identified eacii ---- ---------------------r------------------ -----------------------------------Charterhouse Average 2.S mg r with daily Denotes regular dry 
day at around 17:00 hours to a increases in ammonium during weather contamination 
maximum of3.2 mg rt dry weather. Unionised ammonia from culverted 
peaked to a max. of 0.7 mg rl. watercourses below Rudge 
Rd 
The results are given in full in appendix 4.6. 
-
Key to Table: DO - Dissolved Oxygen, NH. +(N) - Total ammonia (ammonium), mg rt - milligrammes per litre. 
~ 
t.J 
a_..,." ......... _"'" ............ -- ---- ... - .. -- ---------- ... ---- - "----"':1 ----- ---~:f -- \---- -- --- oJ-
Date Location Results Comments Conclusions 
Run 7 Waveley Road Large diurnal variation in Dissolved Ammonium probe showed erratic Possible probe failure or 
8/8/97 to 19/8/97 Oxygen (10 -130% saturation) until results after 16 August. covered in debris. 
storm on 13 August. Ammonium 
peak to 2.2 mg rl before probe failed. 
------------------------------------
The results are given in full in appendix 4.7 -------------------------------------------------------------------------------- --------------------------------------------
Charterhouse Large diurnal variation in Dissolved Oxygen 'flat-lined' following storm Dramatic impact demonstrated 
Oxygen (25-150% saturation) until event after dry weather diurnal on DO and ammonium levels 
8-20/8/97 storm on 13 August when levels fell pattern obtained. Ammonium downstream of the City. 
to less than 5%. Ammonium peak to concentration storm related 
3.2 
The results are lrlven in full in appendix 4.7. 
Run 8 Gosford Street Dissolved Oxygen calibration Position moved from Charterhouse Ammonium concentrations 
2/9/97 to 1619/97 (Just above Charterhouse) suspect. Ammonium levels rose to 5 due to proximity of school and rainfall-related showing 
mg rl following second rainfall likelihood of vandalism. Gosford St contamination downstream of 
period and 2.4 mg 1"1 following the more secure site the city following storms. Final 
first ammonium peaks in post-storm 
dry period denoted 
The results are given in full in appendix 4.8. misconnections in culverts. 
Key to Table: DO - Dissolved Oxygen, NH/(N) - Total ammonia (ammonium), mg rl - milligrammes per litre. 
tj 
w 
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Table 6.2 nata Collection Pre-remedial Results from October 1999 to SeDtember 2000 
.unNo. 
Date 
.wll 
I-Oct-99 to 
10-Oct-99 
.un2 
-Mar-OOto 
-Mar-OO 
3 
10-Mar-OO to 
ll-Mar-OO 
'mments nelusion 
onitor failure - no results Result of vandalism 
ollowittg large initial stonn (8 hours) Max. 6 mm hi 00 Example of first flush 00, SC, NH/(N) 'all affectedby stonn 
lturation diurnal variation was lost for 6 days falling gradually from Sections 2.2 and 7.3.3) vent with diurnal variation lost. No 
% to <400/0 before returning to variable pattern of 10-70%. . dication of whether source was upstream 
+(N) peaked to 0.9 mg }"I duriIlg initial storm, falling to 0.2-0.4 r downstream of city centre as upstream 
g I-I for rest of monitoring period. onitor failed. 
Ie pH remained fairly constant at 7.2-8.0 becoming 7.4-7.6. 
C fell from 0.6 to zero after initial stonn risin~ to 0.6 over 5-6 days. 
ell slightly duriIlg second event to 0.3 J-lS em· . 
results are given in full in appendix 5.1 . 
. umber Avenue AutollBOO 3.5 mg}"1 fallmg to nmge of2-3 mg r' with peak duriIlg 3mm 
-I storm (total rainfall 5mm) at >4 mg 1.1 fallmg to 2.5-3.5 post 
o contmuous monitors 
,vailable 
ample period began after period of rain 
0.5 mmmax). 
eadow Street Auto2 
,rm. 
,+(N) not detected throughout 
S 10-20 mg }"I rising to 50 mg }"I during peak rainfall with final 
Jncrease to >120 mg}"1 post storm. No o-P detected 
·.tially pH @ 8.0- 8.2 falling to 7.8 during peak rainfall recovermg 
around 8.0 post stonn. 
not detected until peak rainfall @>9 J-lg 1"1 
1.5-2.0 J-lg r' rising to > 2 J-lg 1"' tailing off to 1.5 J-lg rl. 
u 18 J-lg rl falling to 5 J-lg rl before reaching peak duriIlg rainfall @ 
15 J-lg rl. Returning to 5 J-lg rl post stonn 
high initially at >200'J-lg rl falling to 20 J-lg rl before peaking at 
o J-l8 1"1 and then falling to 20 J-l8 1'1. 
i not detected. 
lix 5.2 
uto sampling at Humber 
.venue only. 
ingle rainfall event duriIlg sampling 
riod ( 3 mm hr -I max, 5 mm total 
infall) 
00, SS, pH, Cr, Cu, Zn all impacted by 
mall event 
o impact on ammonium, Cd or Ni. 
ot likely that pollution source was due to 
mbined sewer outfall as no NH/(N) 
.etected. 
results only 
Key to table: DO- Dissolved Oxygen, NH/(N)- Total ammoma (ammonium), mg r'- milligrammes per litre, SC- Specific Conductivity, o-P Orthophosphate 
Table 6.2 Data Collection Pre-remedial Results from October 1999 to Seotember 2000 
at Meadow Street shQwed steady decline fQrm 160010 to 90% 
I. Icreasing during afternoon (algal activity) to 120%. 
at Humber Ave showed marked diurnal variatiQn to 108% max. 
ailing to <95 % with an increase at 10:30 hrs 16 March to 
105%.NH/(N) zero until unknQwn event rising to 70 mg 1"1 at MeadQW 
,treet and 3.5 mg}"1 at Humber Avenue. 
light diurnal variation of pH (8.2- 8.4) with increase to 8.7 during 
event' falling to 7.9. 
C constant at 0.6 J,lS em·1 at Meadow St., 0.55 @ Humber Avenue 
8.lling to zero at both sites at around 09:45 hours and 10:00 hQurs 
l ~vely on 16 March. The results are given in full in appendix 5.3.1. 
~umber Avenue Auto 3 
samples) 
.umber Avenue Auto 4 
00 1.5-2.0 mg 1"1 with slight peak at 09:00 hQurs 16 March to >2 mg l' 
INH/(N) not detected throughout sampling period. 
Speak (2 samples) at 18 mg 1'1 falling to range 00-6 mg 1'1. Slight 
I. ,crease to 12 mg 1"1 at 13:00 hours on 16 March. 
showed 2 peaks to 0.1 J,lg r1 during dry weather. Otherwise none 
~. Cr constant in range of2.5-3.0 J,lg r1. 
:u constant in range of2.5 - 3.0 J,lg 1'1 
constant in range of 8.0- 9.0 J,lg rl 
i showed an early dry weather result of 10 J,lg rl. Otherwise not 
The results are Riven in full in aooendix 5.3.2 
10 <5 mg 1"' to 38 mg 1"' peak during peak rain, falling to <10 mg I" 
storm. Increase following lost sample to 18 mg r1. 
IOnia not detected initially rising to 1.7 mg 1'1 during rainfall, falling 
zero over 11 hours during dry period. 
S <5 mg rl rising to peak of 120 mg rl before falling post storm to 5 mg 
_1. > 20 mg rl following lost sample (2"" rain event) 
a o-P detected. The pH fell from 8.2 to 7.1 before return to 8.0. 
sample @7.5. Cd zero to 0.9 peak falling .over II hours to zero. Last 
lple <10 J,lg rl. Cr peak @ 60 J,lg 1'1. Last sample @ <10 J,lg rlcu and 
@peakof60& 150 J,lg rl respectively, falling to <10 and <25 J,lg 1'1. 
i peak @ 22 J,lg rl levelling to zero. 
results are Riven in full in aooendix 5.4. 
mments 
weather throughout 
onitoring period 
nknown event occurred 
10:30 hrs on 16 March 
amples at Humber 
venue .only 
pot sample may have 
. ssed NH/(N) peak. 
'tial rainfall to 2.5 mm 
with total of 4mm 
,ntinuous monitors used. 
ample lQst during 2nd 
1 mm) rainfall event. 
onclusion 
Unknown event may have been sewer blockage giving 
'Ise to overflow, misconnection or illegal trade effiuent 
. scharge. Ammonia results suggest that it may have 
en chemical discharge rather than sewage related, as 
o great increase in BOD or DO reduction. This ties in 
·th pH increase at Meadow Street Alkaline Pine 
:trippers located upstream of Meadow Street and Albany 
.oad CSO outfall. Identified as discharger to Albany 
.oad fQul sewerage. No cQnfirmatiQn .of source possible. 
'nfall impacted .on BOD, ~ +(N), SS, pH, Cd, Cr, 
U, Zn and Ni. NQ impact .on Q-P. 
I concentrations increased apart frQm pH level which 
ell during storm event. 
Key to table: DO- Dissolved Oxygen, NH.+(N)- Total ammonia 6mnnonium);mg rl- milligrammes per litre, SC- Specific Conductivity, o-P - Orthophosphate 
t:J 
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Table 6.2 nata Collection Pre-remedial Results from October 1999 to Seotember 2000 
t-.) 
~ 
,ntinoous monitors 
umber Avenue 
,uto5 
diurnal variation reduced following initial stonn to 60- 80 % saturation 
;e at Meadow Street DO readings dropped to zero for 2 days at Humber 
.venue following stonn event returning to variation of <5% to 100% for rest 
f monitoring period. Rainfall event on 6 July also reduced DO to zero before 
'very, over next 18 hours, to 80010. 
.onia peaked @ 0.8 mg r' @ Meadow Street and 2.5 mg r' @ Humber 
.venue with Av. values 0.1 and 0.4 mg}"' throughout remaining monitoring 
',od and only minor peaks identified. 
pH was less erratie at Meadow St, but showed a greater stonn impact 
from 7.7 to 6.9 whilst at Humber Avenue it fell from 8.0 to 7.5 during 
hinfall. se, whieh is generally higher at Humber Avenue, fell from 0.6 to 0.1 
S em" @ Meadow Street, and 0.65 to 0.15 JlS em" at Humber Avenue 
results are lriven in full in aooendix 5.5. 
% saturation showed no impact from rainfall at either site. Slight diurnal 
Iythms not disrupted with average of 85% saturation at Meadow Street and a 
Ige ofS0-85% at Humber Avenue. NH/(N) fairly constant over period of 
onitoring with initial 0.6 falling to 0.3 mg r' at Meadow Street and 0.7 down 
0.4 mg}"' at Humber Avenue. Slight diurnal increase in pH at both sites 
7.94 to 8.01 at Meadow St and 7.8 to 7.95 at Humber Avenue) with slight 
~ from 7.8 to 7.68 during the rain event se increased steadily at both 
·.tes (0.49 to 0.57 JlS em" at Meadow Street and 0.55 to 0.64 JlS em" at the 
,wnstream site). Slight peak to 0.61 JlS em" during rainfall at Humber 
.venue. 
>0 average 0.25 (steady) rising to 9 mg r' in last sample.NJI.. +(N) initially 
.26 falling to 0.1 mg r' average with little variation. The o-P concentration 
"IY decreased from 0.29 mg}"' to approximately 0.16 mg}"' with no 
lpact from the rain event. 
,ampled pH increased slightly from 8.0 to 8.1 before and during rainfall event 
fore falling to 8.0 in the morning and rising again to 8.1 during daylight. 
onclusion 
ontinuous monitors at Large initial stonn event impacted at both sites and probe 
,th sites only. ay have failed at Humber Avenue or DO levels may have 
·tial stonn peak @ 7 rashed as a result of the stonn, as each following rainfall 
hi' (total rainfall 13.5 vent also reduced DO to zero temporarily. 
over 5 hours) pH at Humber A venue was generally higher than at the 
ight rainfall events in all pstream point. 
,uring monitoring period. harp decreases in se during each rain event with recovery 
er 12- 20 hours to 0.6 JlS em-I. 
NJI..1'(N) generally higher and pH generally lower at 
umber Avenue monitoring site. 
o major impact identified by rainfall event. 
results are given in full in appendix 5.6.1 and appendix 5.6.2. Lsampled pH minor 
:rease not shown by 
.onitors. May be a result 
freaching equilibrium 
fore pH testing in lab. 
Key to table: DO- Dissolved Oxygen, NHt+(N)- Total ammonia (ammonium), mg r1_ milligrammes per litre, SC- Specific Conductivity, o-P - Orthophosphate 
6.1.2 Pre-remedial results 
The focus of investigation during the latter part of Phase 2 was on the stretch of River 
Sherbourne immediately downstream of the Hope Street outfall from the six Combined 
Sewer overflows (CSOs) located in Albany Road (Figure 4.10), as discussed in Section 
4.4.2. These continuous monitoring investigations, carried out between October 1999 
and September 2000, identified that there were intermittent pollution sources impacting 
on the water quality of the River Sherbourne in dry weather, and during rainfall events. 
Total ammonia peaked to levels far in excess of the GQA upper 90-percentile limit of 
1.3 mg r1, and there was disruption of the natural DO diurnal variation, and percentage 
saturations below the minimum 100percentile limit of 60% saturation. The results are 
summarised in Table 6.2, presented graphically in Appendix 5, and discussed in Section 
6.2.2 below. 
6.2 Conclusions - Phase 2. 
6.2.1 Early data, Oetober 1996 to September 1997 (8 runs) 
During the early monitoring runs between October 1996 and September 1997, the 00 
levels generally reduced following storm events, but the main impact of wet weather 
discharge to the River Sherbourne was to diminish the diurnal pattern of DO saturation 
recorded during dry weather. The level of 00 saturation was generally higher upstream 
of the city centre, above the urban stormwater inputs from the culverted watercourses 
(Figure 3.2), as would be expected upstream of a polluting discharge (Tebbutt, 1998; 
Mason, 1996). 00 saturation was reduced from around 50-90% to a diurnal variation of 
45-80 %, with minimum levels below l00At recorded on occasion following rainfall as 
identified in Section 6.1.1. Immediately after a rainfall event, the diurnal variation was 
lost for up to 2 days, with recovery following continued rainfall, or a period of dry 
weather. Ammonium levels generally increased following rainfall events, as identified 
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in Section 6.1.1 and Appendix 4. An average of 1.5 mg rl following rainfalls was not 
uncommon, with levels rising to greater than 4 mg rl during 6 of the 8 stonns 
monitored, during 1996 to 1997. The other 2 storms monitored during this period 
achieved levels of greater than 2 mg rl in the receiving watercourse, with the monitored 
event at Rudge Road on 2 April 1997 giving a mean concentration of 5.8 mg rl above 
the city centre (downstream of the Albany Road Combined Sewer Overflows outfall as 
identified in Figure 4.5). The continuous monitor results identified that the smaller 
culverted watercourses draining to the River Sherbourne also discharged high 
concentrations of total ammonia, during dry weather periods, as well as during rainfall 
events. The data collected in relation to the Albany Road CSOs was presented to Severn 
Trent Water Ltd to encourage a review of the operation of the overflows, and to 
consider whether removal or modification was possible. Identification of intennittent 
discharges in culverts discharging downstream of the CSO outfall prompted the 
monitoring investigations (Phase I) described in Chapters 4 and 5. 
In the Early data collection part ofPhase2, some of the results were not transferable to a 
database spreadsheet, and statistical analysis of the trends and relationship between 
different parameters has not been undertaken. Only the results for the wet weather 
investigation on 2 - 8 April 1997, and the dryweather monitoring from 11-14 April 
1997, were analysed for rank correlation with significance to 95% and 99% levels using 
the Spearman's test as discussed in Chapter 4. The correlation data is summarised in 
Tables 6.3 and 6.4. 
The results for total ammonium concentrations show a highly significant positive 
correlation between monitoring points (p>O.OI) dwing the storm event on 2 April 1997, 
and with turbidity (p>O.OI), and a highly significant negative correlation with 00, 
specific conductivity and downstream pH levels (correlation coefficient -.511, p>O.OI), 
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as shown in Table 6.3. During the storm event on 2 April 1997, the pH at Rudge Road 
increased during the stonn (Appendix 4.5), which was unusual in that pH values were 
generally found to be higher downstream of the city centre following rainfall events. 
The upstream pH was higher on this occasion, with a mean of 7.92 compared to a mean 
of 7.06 at Charterhouse, below the urban drainage area input. Analysis of results for the 
whole period of investigation gave a positive correlation between DO and pH 
downstream of the city (p>O.OI) suggesting that pH levels generally decreased with a 
reduction in DO during the rainfall event, as a result of urban runoff. 
Operation of the Albany Road overflows had a direct impact on both ammonium and 
pH values, perhaps through the introduction of trade eftluent components in the raw 
sewage discharged (one of which was later identified as an alkaline pine stripping 
process), although generally, the introduction of urban runoff to the River Sherbourne 
had an opposite effect on pH values, with levels decreasing during stonn events as 
identified in Table 6.2. 
As the combined sewer overflows were eventually found to be unsatisfactory, and by no 
means operating within design criteria, it was not possible to identify which of the six 
overflows contributed to the pollutant load at anyone time during a stonn event, or at 
what magnitude of rainfall an overspill from each or all of the overflows occurred. 
During the dryweather event on 11-14 April, the ammonium concentrations showed a 
highly significant (p>O.OI) correlation with specific conductivity, and a highly 
significant negative correlation with DO, pH and unionised ammonia (Table 6.4). 
In general as ammonia increased, DO percentage saturation levels, and pH decreased. 
This pattern is similar to that measured dming the surface water investigations carried 
out in Phase 1 (and in the later post-remedial river monitoring runs). A dry weather 
investigation is useful as it indicates the impact of non-point sources (or more widely 
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distributed point sources) on this urban watercourse more clearly, without the influence 
of a major wet weather point discharge such as the Albany Road Combined Sewer 
Overflows outfall. DO showed a highly significant correlation with pH (p>o.O I) in dry 
weather, which could be due to the impact of algal activity producing oxygen, giving 
increased 00 saturation and pH values during daylight hours, with a reduction in both 
measurements overnight. 
The results confmn that urban point sources act as a significant contributor to water 
quality degradation (Brezonik and Stadelmann, 2002), and that urban runoff contains a 
variety of pollutants, exerting a large pollutant load to receiving watercourses (Whipple 
and Hunter, 1981; Characklis and Weisner, 1997). This pollutant load will include 
heavy metals, dissolved and SS, organic animal and vegetable matter, silt, bacteria, 
ammonia and ammonium salts (Novotny and Diem, 1994). The ammonium 
concentrations recorded indicate that the main impact on water quality on this urban 
stretch is from the CSOs located at Albany Road, as shown in Figure 4.5. The reduction 
in DO, as described by Mason (1996) and interruption of diurnal variation (Klein, 
1972), accompanied by rises in ammonium (Clifforde and Williams, 1998) indicate that 
sewage contamination was regularly occurring in the watercourse, especially during 
heavy rainfall. Harremoes (1981) suggested that the degradation of organic matter takes 
place in 2 stages; an instantaneous degradation by heterotrophic bacteria, and delayed 
depletion due to sediment oxygen demand, which can give reduced oxygen saturation 
over a period of days. This was evident in the River Sherbourne, with disruption in 
diurnal variation in the River Sherbourne, and oxygen depletion in the lower reaches of 
the River Sowe and River Avon, lasting for several days. The secondary effect may be 
the result of oxygen demand by heavy sediment deposits in culverted watercourses and 
drainage systems feeding to the urban watercourse (Deletic, 1998). 
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Table 6.3 Early data 1997 a) 2-8 April 1997 Spearman's rank correlations summary 
USDO% 
saturation 
USNH3N 
mgrl 
USSC 
IlS cm-l 
US 
Turbidity 
NTU 
USpH 
DSDO% 
saturation 
DSNH3 N 
mgrl 
DSSC 
J..lS cm-l 
US 
Turbidity 
NTU 
DSpH 
tv w ..... 
Key 
USDO% 
saf 
-0 US NH3N 
mgrl 
-1 -0 US SC IlS 
cm-! 
1 -0 -1 US 
Turbidity 
NTU 
-1 0 1 -1 US pH 
-1 1 -0 1 
1 -1 1 
1 -1 0 
1 -1 1 
Storm 1 =Highly Significant; O=Significant I Positive 
Highly Significant (p~O.OI) ; O=Significant p ~O .O5 correlation 
Key to table: 
US = Upstream of city 
DS = Downstream of city 
NTU = Nephelometric Turbidity Units 
SC= specific conductivity 
DSDO% 
saturation 
-1 DSNH3N 
mgr! 
DSSC 
IlS cm-! 
-1 0 DS 
Turbidity 
NTU 
1 -1 -1 DSpH 
negative I No result or no correlation 
correlation 
Table 6.4 early data b) 11-14 April 1997 (dryweatber) Spearman rank correlations summary 
US Temp 
US pH 
USSC 
US saJinity 
US pressure 
US N~+(N) 
USNH3N 
USDO% 
US DO 
mgr 
US turbidity 
DS Temp 
DSpH 
DSSC 
DS salinity 
DS pressure 
DS~+(N) 
DSNH3N 
DSDO% 
DSDO 
mgr l 
DS turbidity 
N 
W 
N 
US TempOC 1 
1 US pH 
-1 -I 
-1 
-I -I 
1 1 
1 1 
1 -I 
1 \ 
1 1 
1 1 
1 1 
-1 0 
1 1 
1 
1 1 
1 1 
1 -I 
I 
US SC I 
IlS cm-I 
US salinity l mgCl 
1 US pressure I 
1 -I 
US~+(N) 
I mgr l 
USNH3N I 
mgr l 
-1 -1 -1 US DO% sat" I 
-I -I -I 
US DO 
1 
mgr l 
-0 -1 1 I 1 
-1 -I -1 1 1 
-1 -\ -1 1 1 
-1 1 1 
1 1 -1 -1 -I 
-0 
-1 -1 -1 1 1 
-1 -\ -\ 1 1 
-I -1 -I 1 1 
-1 -1 1 1 1 
---
Key: 
1 =Highly Significant, O=Significant results 
minus vaJue denoted negative correlation 
HighJy Significant (pSO.OI); O=Significant p SO.05 
DS Downstream vaJues 
US Upstream vaJues 
SC Specific Conductivity 
DO Dissolved Oxygen 
NH/(N) totaJ ammonia (ammonium) 
NH3 N unionised ammonia 
NTU= Nephelometric Turbidity Units 
I 
U~~ity l 
1 DS TempoC I 
1 DSpH I 
-1 OS SC l IlS em-I 
I 1 OS salinity I mgCl 
-I -1 -I -1 OS pressure I 
-I 1 1 DSNH/(N) I mgr l 
\ 1 1 -1 
DSNH3N 
mgr l 
\ I -1 -I -1 1 
1 1 -I -1 -1 1 
1 1 1 -\ 
----
I 
DS DO% sat" I 
1 
DSDO 
I mgr l 
US 
turbidity 
(NTU) 
6.2.2 Pre-remedial data collection, October 1999 to September 2000 
Pre-remedial monitoring runs, between October 1999 and September 2000, identified 
that on more than one occasion the impact of the Combined Sewer Overflows at Albany 
Road led to an increase in pH at Meadow Street Generally the pH recorded downstream 
was reduced as a result of urban runoff during wet weather, and the pH at Meadow 
Street was generally slightly lower than that recorded downstream of the city, even 
when the storm event was having an impact in reducing the pH at both sites. The reason 
for this is unclear, and points to the possibility that there is an unknown trade eftluent, 
or other unknown discharge, which consistently lowers the pH at Meadow Street, or 
raises the pH at Humber Avenue in non-storm conditions. The cumulative effect of algal 
populations, as discussed in Section 6.1 may be a contributory factor. 
The pre-remedial runs involved the use of continuous monitors at sites above and below 
the city centre, with the inclusion of automated sampling on an hourly basis, which 
allowed analysis for total metals during a storm event. The results showed a high degree 
of correlation between the upstream and downstream sites, giving a high level of 
confidence in the results obtained. The results were consistent with urban nmoff 
identified with fmdings of other studies (Field et al .• 1982; Novotny and Olem, 1994; 
Bang et al., 1997; Lee and Bang, 2000), as discussed in Section 2.2. 
Generally total Cu and Zn concentrations increased during a storm event (p>O.Ol), and 
to a lesser degree so did total Cr (p>O.05). As the storm progressed, BOD, SS and 
ammonium concentrations consistently showed a highly significant positive correlation 
with each other (Spearman's rank correlation p>O.Ol). Zn, Cr and Cu all showed a 
significant positive correlation with SS, which indicates that the total metal 
concentrations may be linked to particulates in the storm flows. The results for Cd, Ni 
and total and ortho-phosphate concentrations were relatively few in number, as 
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concentrations were generally below detectable levels. This makes the statistical 
assessment of these parameters difficult, and highly significant results can easily be 
obtained with few results, when undertaking statistical analysis. The results generally 
showed an increase in these parameters during rainfall events. Specific Conductivity 
and pH levels again showed a highly significant negative correlation with ammonium 
and downstream heavy metals as shown in Tables 6.5 and 6.6, and Appendix 5. 
During dry weather, as in the run carried out on 15 March 2000 (Auto 3, Appendices 
5.3.2 and 5.3.3), the results showed no major peaks or troughs for any of the parameters 
measured, other than as a resuh of diurnal variation due to algal activity in the 
watercourse. Two measurements for Cd were obtained at 0.1 flg r1, which coincided 
with increases in SS downstream of the city. The cause of this is undetermined; there 
were two metal fmishing companies with direct surface water drainage to the culverted 
section of the Sherbourne at this time, but no other increases in metals were recorded. 
During dry weather ammonium levels were continuously monitored, with little variation 
during the investigation, and sampled ammonium concentrations were below detectable 
levels at all times. Unionised ammonia was not monitored during this phase of the 
investigation due to probe failure, and it was not determined whether the daily peaks 
monitored during the early stages of the research were still present. 
The results (Appendix 5) show that rainfall related events during the pre-remediation 
phase had a significant impact on the River Sherbourne. The local impact of the Albany 
Road storm overflows and culverted streams was successfully determined by the use of 
intensive monitoring and sampling surveys. This recorded variability in water quality 
would not necessarily have been identified in the monthly General Quality Assessment 
of the watercourse routinely carried out by the Environment Agency. 
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Table 6.5 Pre-remedial rank correlations (continuous monitor data only considered - pre remedial) See also Auto 1-5 results 
tv 
W 
UI 
USDO% 
USNH3 
US pH 
USTDS 
US Temp 
DSDO% 
DSNlD 
DSpH 
DSTDS 
DS Temp 
Depth 
Key 
USDO% 
-1-1-1-1-1 
-1 -0 USNH3 
111111111 -1-1-1-0-1 
-11 -1-1-1-1 11 US pH 
Ill-I-II -]-1-11-1 111111111 
-11-1 -1 -1111 1-1 USTDS 
1-11-11-1 11111-11 -1-11-1-11 -0111111 ] 
1-1 111 1 -11 11 -I 
111111111 -1-10-1-1 111111111 -1-01-1-1 
11 -1-1 -0 -1 1 -11-1-1-1 -1 
1-1-1-1-1 111111111 1-1-1-1-1 11111-1-1 
-1-1-1-1 -1 1 -1-101 1 111 
11111111 -1-11-1-1 111]11111 111111111 
-1-1 1 -111 1 J -I 
111-1-1-1 -1-1-11-1 1111111 -1 111111111 
1-1-1-1-1 -1-] ] 11 
1010-1-0 1111]-111 1-1-11-1-1 11111111 
-1-1 -1 11 0 -11 
1111-1111 111-11111 -1-1-1-1-1 -1-1-1-1-1 
-1 -I -11-1-11 -0 -1-1-1-0-1 1 
Storm I- Highly Significant (pS;O.OI); O- Significant p ~.05 
Dry weather 1 =Highly Significant pS;O.O 1 ; O=Significant 
p SO.OS 
Key to table: 
1 = highly significant positive correlation during single run 
-1 =highly significant negative correlation during single run 
o indicates a positive or negative (-0) significant correlation 
Numbers in brown indicate a dry weather investigation run 
US= Upstream of cLty; DS= Downstream of city 
US Temp 
1111-1111 
-1-1 DSDO% 
1111-11- -0-1-]-1-1 
111 1 1-1-1-1-1-1 DS NIB 
-111-11-1 1-111111 1-11-11-1 
1-1 11 11- 11 -1-01 DSpH 
-1111111 -11-1-1-1 111-1-111 ]1111-11] 
-0 -1-1-1 -1 1 1-1 -1 DSTDS 
111111111 1111-1-1 111-11-01 111-1-10-1 111111 1 
1 -0-1-1-1 -1 11 10 
11111-111 11111111 -1-11-111 -1-1-0-11 -1-11-1-1 
-1 1-1-1-1 -1-1-1-1 -1-1-1-1 1 
100%Consistent trend 90 - 99% consistent trend 80- 89% consistent trend 
I 
DS Temp 
11111-111 
-1 1 Depth 
<80% consistent trend 
Table 6.6 Spearman Pre-remedial rank correlations (sheet 1 Auto 1-5 sample correlation with sample parameters-- pre remedial) 
NB: No sample results for Auto2 
IV 
W 
0'1 
sampled 
BOD 
NH3N 
SS 
Ortho-P 
pH 
Total Cd 
Total Cr 
Total Cu 
Total Zn 
Total Ni 
rainfall 
depth 
TON 
Total P 
Total Ph 
Chloride 
Key 
BOD 
1 
NH3N 
10 SS 
0 1 
Ortho-P 
-1-1-0 -1 -1-1 -1 
pH 
1-1 1-1 -1 
Total Cd 
0 I -0 11 
11 0 1 -1-1 -1 
11 01 -J-l 1 
1 
-0 
Stonn I =Highly Significant p:SO.OI; O=Significant p :SO.OS 
Dry weather 1 =Highly Significant p:SO.OI; O=Significant p :SO.OS 
Key to table: 
1 = highly significant positive correlation during run 
-1 = highly significant negative correlation during run 
o indicates a positive or negative (-0) significant correlation 
Numbers in brown indicate a dry weather investigation run 
Total Cr 
1 
Total Cu 
1 II 
Total Zn 
1 1 1 
Total Ni 
rainfall 
depth 
TON 
Total P 
Total Ph 
Consistent trend where more Dry weather result gives J~ignificant result or less 
than one result opposite trend 
Chloride 
Table 6.7 Spearman pre-remedial rank correlations (sheet 2Auto 1-5 samples correlation with continuous monitors where applicable) 
NB:No sample results for Auto2. 
13: sampled 
tv 
W 
---l 
BOD 
NH3N 
SS 
Ortho-P 
pH 
Total Cd 
Total Cr 
Total Cu 
Total Zn 
Total Ni 
rainfall 
depth 
TON 
Total P 
Total Ph 
Chloride 
Key 
US 
US 00% USNH3N US pH 
spec.cond. 
os 00% 
01 
1 -I -1 
1 -1 -1 
-1 0 
-1 -1 I - I 
0 
0 1 0 1 
Storm l=Highly Significant p':::;O.OI; O=Significant p ':::;0.05 
Dry weather 1 =Highly Significant p':::;O.O I; O=Significant p ':::;0.05 
OS 
DSNH3N DSpH spec.cond. 
USTDS US Temp DSTDS DS Temp 
1 
1 -I -1 
1 -1 -1 
-I I 
-I -1 
1 -0 
-0 -1 
Key to table: 
1 = highly significant positive correlation during run 
-1 = highly significant negative correlation during run 
0 = positive or negative (-0) significant correlation 
Numbers in brown = a dry weather investigation run 
US= Upstream of city; OS= Downstream of city 
I Consistent trend where more I Dry weather result gives 
than one result opposite trend 
/1 significant result or less 
Table 6.8 Spearman pre-remedial rank correlations (sheet 3 continuous monitor results including Auto 1-5 where applicable) 
NB:No sample results for Auto2 
Continuous 
monitoring 
USDO% 
US NH4(N) 
tv 
v.> 
00 
US pH 
US 
spec.cond 
US Temp 
USTDS 
DSDO% 
DSNl4N 
DSpH 
DS 
spec.cond 
DSTemp 
DSTDS 
rainfall 
Rainfall 
-1 hour 
Key 
USDO% 
11 
USNH4 N 
] 1011 -] 0-] 
US pH 
] -1 -1 1-01 
US 
spec.cond 
1 1 -0 -1 
US Temp 
11 1 -1 1-1 11 1 -11 1 
-1 1 I II -01-1 
] 11 -10-] ] 1 ] 11 
1-00 -1 -\ -1 11 11 -1 
I -1 -1 1 
0 0 
Storm I=Highly Significant p~O.OI; O=Significant p ~0 . O5 
Dl)' yv~ather 1 =Highly Significant p~O.O 1; O=Significant p :S0.05 
Key to table: 
1 = highly significant positive correlation during run 
-I = highly significant negative correlation during run 
o indicates a positive or negative (-0) significant correlation 
Numbers in brown indicate a dry weather investigation run 
US= Upstream of city; DS= Downstream of city 
USTDS 
DSDO% 
-11 1-1 
DS~ 
-1111 11-1 
DSpH 
-11-01 11-1 11 -1 1 DS 
spec.cond 
] -1 -\ DS Temp 
DSTDS 
1 -11 -0 rainfall 
1 -II 1 Rainfall I 
-1 hour I 
I Consistent trend where more I Dry weather result 11 result inconsistent .11 significant result 
than one result gives opposite trend or less 
----- - ----- ----- --
Summary 
The information gained during this Phase was used to identify that remediation of the 
Albany Road problem, and investigation of the culverted feeder streams, was required to 
improve the quality of the River Sherbourne, and resulted in the removal of the 
unsatisfactory combined sewer overflows as discussed in Chapter 3. 
An investigation by Severn Trent Water Ltd in 1999 subsequently identified that the 
initial overspill calculation of one discharge per year was significantly incorrect, and 
estimated 15 spills per year from the Albany Road system with a volume of 230Om3 of 
untreated storm sewage discharging to the watercourse. The proposal for remediation of 
the system involved the introduction of one high-level storm relief weir with a carry-
forward flow of 850 IS-I. The scheme was designed to reduce the amount of foul sewage 
spilled to the watercourse during wet weather events, and modelling suggested a 
proposed overspill frequency of once per year, with a discharge volume of only 25m3 of 
diluted sewage effluent, as shown in Figure 3.8. 
The Environment Agency and Severn Trent Water Ltd also recognised the need to 
continue and expand the investigation of culverted feeder streams to remove unknown 
pollution sources, although no specific funding for this work was identified, other than 
supporting Phase 1 of this research. The Albany Road surface water sewers were 
replaced with a single high level overflow and the conversion of one surface water 
sewer into a secondary foul sewer as described in Section 3.5 and Figure 3.8. Following 
removal of the combined sewer overflows, the watercourse was monitored upstream and 
downstream of the city as Phase 3, in accordance with the methodology outlined in 
Figure 4.1. Continuous monitoring for flow, velocity, and water quality was carried out 
as discussed in Section 4.5, and shown in Tables 4.1 and 4.7. The results are given in 
Chapter 7. 
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Chapter 7 Phase 3 Results 
Introduction 
Investigations into the water quality of the River Sherbourne, upstream and downstream 
of the culverted section, continued after the Albany Road Combined Sewer Overflows 
(Section 3.5) were removed by Severn Trent Water Ltd in September- October 2000, as 
part of a remediation scheme costing over £400,000 (Figure 3.8). A total of 17 post-
remedial investigations (Runs numbered 8-24) were carried out at Meadow Street and 
Humber Avenue between October 2000 and November 2003, as identified in Figure 4.1 
and Table 7.1. Some investigations used continuous monitors, as during the pre-
remedial investigation (phase 2, Section 6.1.2), plus automatic sampling equipment, 
with analysis for sanitary determinands and heavy metals carried out as discussed 
below. Rainfall data were collected for the period of each monitoring run at Coventry 
(Finham) Sewage Treatment Works. Where automated sampling was carried out, the 
continuous monitoring data and automated sample analysis were matched, with only the 
short period covered by the sampling operation under consideration for the continuous 
monitoring data. Where investigations only used continuous monitoring, the period of 
investigation was extended for up to two weeks. The results from all of the post-
remediation runs are shown in Appendices 6 to 10, summarised in Table 7.1 and are 
discussed further with respect to trends, statistical significance and comparison to 
previously published data in Section 7.3. 
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Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys. Runs 8-24) 
(Key. DO-Dissolved O'\\PCtl, -'C-Snccllk Conductl\ it\. -,~ Susn~ndcd SolJds. Bold t\ DC mdlcatcs comment or d 
tRun. Start Date End Date Datal Samole Tvoe Location Duration Comments 
~ -- 16-0ct-OO I- 23-0ct-Olfontinuous - Humber Avenue 7 days _ 2 main rainfall peaks « 2.5 mm hr"'). <60 % DO saturation with no major changes during events (slight dip) 
16-0ct-00 2~-()ct-0~ntinuous ~adow Street 7 day!.-
No impact on ammonium. Specific conductivity (SC) & pH dip during events with SC returning after 2 days 
-,- --16-0ct-OC I S-Oct-O 'I' low Humber Avenue ~4 hours [The results are given in full in appendix 6.1 
~ 3~Oct~ 13-Nov-O<f0ntinuous __ Humber Avenue _ 14dNs _ 
~aximum rainfall of4.Smm hr' . Dip in pH by max. 0.7. Fairly static for ammonium and D.O. at Humber Avenue. 
_ 30-0ct-OQ .... 13-Nov-00igontinuous Meadow Street 14daYL 
SC falls consistently at each event by 0.5 IlS cm· l • 
30-0ct-OO S-Nov~ ~eek!i' stats rainfall Finham STW ~ days _ 
SC returns to normal level after 2 days again. 
e-- --
30-0ct-00 13-Nov-OC Flow Humber Avenue 14 days The results are given in full in appendix 6.2 
10 _ 23-No'!-00 7-De~fontinuous _ Humber Avenue _ 14 days _ River flow constant. 
Samples BOD avera~e 4 mg 1"1 after initial peak at 10mg 1,1 during early rain. Slight ammonium peak to 0.5 mg rl after 2nd 
---~ 
23-Nov-00 7-Dec-OOContinuous __ Meadow Street 14 da}'s ~ ain event @4mm hr' . SS initially 200-300 becoming < 100mg rl. No metals analysed. 
- -- _ 2~-NoY:ill 26·Nov-0( Wccklysta(s rainfnlL F'inhtlm .§.TW _ 4 days Ortho P falling from O.S mg 1'1 to below detection limit. Dip in pH after rain by 0.3 pH units. 0.0 fairly constant at 112-_.- __ 2::~!:c:Q~ . 7-[)~c-O( Auto - SpOl salT1p~ Ilumht:r Avenue ~_ duYli_ 118% saturation. 
~ day continuous monitor (CM) pH low at first rising by 0.3 during dry weather (coincident with daylight also). Both 
6-Dec-OC 7-Dec-OC !Flow 12 days 
~onltors. Lower pH at Meadow Street by O.S consistently. Slow rise in SC both sites. 
Humber Avenue [The results are given in full in appendix 6.3.1 and 6.3.2 
11 19-Dec-.9i 21-Dec-OOContinuous ;Humber Avenue ~ days River flow reading fell arter rain when monitor blocked by river debris. Low rainfall (O.Smm hr'max).as 2 events. 
19-Dec-0( 13.Jan.o~ontinuous _ !vfeadow Street 19 days _ Samples at Humber Ave only. 
~--- .... Sample BOD 10mg 1'1 initially to below S mg 1'1 during dry period. SS reduces after initial storm increasing to 40 mg 1'1 
19-Dec-OC 20-Dcc ,0 uto - soot sample lIumber Avt:nuc 12 duys avera~e. Ortho-P not detected throughout and pH stable at 7.8- 8.0. Cd rise to <1 .5j.1g 1'1 falling to < 0.5. Cr initial high to ' -
3j.1g I" falling to 2j.1g rl.and rising during 2nd storm to 3j.1g 1'1. Cu similar to Cr without 2nd peak, reaching a maximum 
poncentration of20j.1g 1'1. Zn initially 60-S0 j.1g 1'1 with slight increase after rain. Ni < detectable limit. 
~ontlnuou. monitors DO high and constant both sites. No diurnal rhythm over 2 days or impact during storms (DO 
saturation lower at Meadow Street tban Humber Ave), Ammonia slightly high initially at both sites (higher at 
~eadow Street tban Humber Ave). The pH showed a slight increase both sites over period (Lower pH at Meadow 
~treet than Humber Ave) with 0.2 pH unit difference consistently. SC initially as trough & peaks becoming 0.5 JlS em-I 
~verage (SC slightly lower at Meadow Street than Humber Ave). 
19-Dec-OC 22-Dec-OC Weekly stats rainfall Finham STW ~ days 
!Ammonia ND in samples but recorded by continuous monitors. 
h'he results are given in full in appendix 6.4.1 and 6,4.2 
12 30-Jan-01 ~3-Feb-01 Continuous Humber A venue r2S days ~onth,uOU8 monitors only - full 25 dRY', Good correlation between now and rainfall. Meadow St. monitor affected 
~y debris after 4.S mm hr'l peak storm. Ammonium < 0.55 mg 1'1 @ Humber Ave with regular small peaks. Meadow St 
< 0.2 mg 1"1 with non-storm related peak to 1.6 mg 1'1 toward end of run. Fairly constant pH @ Humber with 7.5 average 
hlaher at Meadow Street than Humber Ave). Unu8ual result. Meadow St average 7.7 falling to 7.2 average, which is 
ower than Humber Ave .. May be flow increase after rainfall event. 
SC trend consistent @ both sites being very slightly higher at Humber Ave. Slight peak then trough following rainfall. 
- - . - . - _ _ [Temperature consistent at both sites with slight increase during day to 8°C. 
30-Jan-OI 23-Feb-OI tontinuous Meadow Street ~5 days 
PO-Jan-Ol ~3-Feb-Ol Wlow Humber A venue ~5 days Ime results are given in full in appendix 6.5. Key to table on sheet 7, table 7.1 
I'-.J ..,. 
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Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys) 
lRun. Start Date End Date Datal Samole TYee 1L..0cation iDuration Comments 
13 - 23-Feb-01 14-Mar-Ol ~ontinuous lHumber Avenue ~1 days r--ontinuous monitors 2 days considered from 2 I-day investigation: 2 periods to coincide with sampling runs. - - iBoth dry weather runa but river level rlaes twice durlna 9 March run (Auto 8) deplctlna local rain event. 
-- 23-Feb-01 1 4-Mar-0 1 ~ontinuous lMeadow Street ~1 days lRun 13 Involved two periods of auto lampllna (Auto 8 and Auto 9) on 91h aDd Ulh March respectively: 
9-Mar-O I I O-Mar-O I ~ut08_: 'Eot ~l]Ple~ I lumber Avenue . i2 day, - - +- .- -- r __ 0'- -- ------- .. 
12-Mar-OI 13-Mar-OI ~llto..2..- s.I?0t snn!1?I~~ Ilumbe~ A~u~_ 2. dots Auto 8 Samples; Ammonium not detected except during 2 peaks to < 0.8 mg )'1. (During early morning and evening 
period) may relate to specific domestic or industrial discharge above Humber Avenue, which is only detectable in dry - weather. Also slight BOD rise at 01:00 (10 to 25 mg 1"1) which is coincident with the second phase of the first level rise. 
Debris prevented collection of20:00 hr sample, following the first river level rise which also caused slight peaks for BOD, 
Ammonium, and Ortho-P in samples taken immediately afterwards. TON and Total P constant at 6 mg)'1 and average 300 
~g 1"1 respectively. Fairly constant pHs at 7.6- 8.0 with small peak towards end of run coincident with second level rise. 
~ll metals show a peak value, In tbe second last sample coincident wltb tbe second river level rise, with Zinc showing 
he greatest increase to 900l-lg rl. Maximum values recorded for Cr, Cu, Ni, Pb & Total .P were 7, 35, 6, 50400 I-Ig )'1 
I respectively. ~onttnuoul monitors DO constant at around 80% Humber Avenue and 72-85% Meadow Street. With only slight falls 
orresponding Increased river level @ Humber Ave and more marked deterioration at Meadow Street to 72% minimum 
~aturation. Ammonium was a fairly constant 1.5 mg rl at Meadow Street and showed peaks at Humber Avenue before the 
Iriver level demonstrated the first increase. The average level following this peak was 0.7 mg 1'1. Sampled ammonia does 
I 
rot reflect these increased levels of ammonia as a result of the hourly sample rate 'snapshot'. The pH dips slightly at both 
~ites as a result of increased river level. 
, rrhe pH is generally lower at Meadow Street than Humber Ave. Temperature slightly higher (pre-culvert) at 
I ~eadow Street also. 
I Auto 9 samples; Small rain event (max. 0.5 mm hr· l) followed by two 2 mm hfl rainfall events. BOD increased from 5 to 
25 mg r'after initial rain with only slight increases at Humber Ave during following rain events. Ammonium was below 
detection levels except for a peak at 0.15 mg 1'1 in one sample only following the first 2 mm hr'1 stonn. SS increased to 
, ~OOmg 1'1 after initial rain falling and then rising steadily to <400 mg 1'1. Total P increased from 300 to >4001lg )'1 after 
'nitial rain, dropping during storms and falling further post storm to original levels. The pH fell after initial rain and again 
during wet weather before levelling off at 8. An initial first flush may have been sampled during this run. 
Metals all showed a similar pattern with an initial rise following the early rain with one or two peaks following during 
~e heavier rainfall events. Peaks for Cd, Cr, Cu, Zn, Ni, & Pb reached 0.7, 7.0, 40, 200, 6, and 60 mg)"1 respectively. 
~ontlnuous monitors: Temperature fell overnight at both sites, rising next day in the dry period. The pH at both sites 
I ~bowed a sllgbt fall In pH after the Initial rain, becoming less variable after the rainstorms and increasing steadily at 
Meadow Street to 7.75. The pH at Meadow Street was only slightly higher than at Humber Avenue. The Ammonium level 
started high at Meadow Street falling to an average of 1.3 mg 1.1, with only insignificant rises during the storm events. 
~mmonium levels were again slightly higher than detected during sampling, which may indicate some stabilisation in the 
~amples before analysis. The ammonium at Meadow Street was consistently marginally higher than at Humber Avenue. 
rrhe DO at both sites dropped slightly following the initial rain but was generally unaffected by the storm events with good 
~evels recorded (Average 90%) at both sites. Dissolved solids showed an initial peak at Meadow and 2 peaks at Humber 
b days 
venue with values 0[320,375 and 350 mg )'1 respectively. These levels dropped during the stonn periods consecutively 
tats rainfall ~ I'hJ 
~sing slightly to around 200mg )"1 at both sites. 
I-Mar-O I ..j-Mar-Ol -v ~ .;, 1 \\' he results are given in full in appendices 6.6.1,6.6.2,6.7.1 and 6.7.2. Key to table on sheet 7, table 7.1 
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Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys) 
Run. Start Date lEnd Date Datal Sample Type oeation Iouration k:omments 
eLi --- 14·Mar-OI 6·Apr-Ol ~ontinuous Humber Avenue _ ~) day-! lAuto 10 samples; these results are described in Section 7.2.1. 
14-Mar-Ol 6·Apr-OI k:ontinuous Meadow Street _ ~da~ [rhe results are given in full in appendix 7. 
IS-Mar·OI 17·Mar-01 ~uto I 0 - spot sample Humber A venue 3 days ,_ 
2-Apr-OI 3-Apr·01 Auto II . spot sample Humber Avenu~_ ~..s _ 
Auto 11 samples; 3 rainfall events (max lmm hr"). BOD started fairly high during early rainstorm at 14 mg 1" with 2 
small peaks corresponding to 2nd and 3rd event as levels fell to Av < 4 mg I" . Sampled ammonium remained below 
detectable levels. S8 increased to 13mg 1" after the initial rain and similarly showed 2 small peaks before falling to 
<10mg 1". TON dipped slightly on 111 and 3rd event, rising immediately afterward. Ortho·p st':led below detectable limits 
but total P, decreasing slowly from the start showed 2 slight increases following the 2nd and 3 events though continuing 
he downward trend, with a total fall of 150 I!g ["I (50%). The sampled pH started low at 7.7, rising slightly and then falling 
~fter the 3rd event before slowly rising during the early morning to 7.9. The metals started with a slight increase during the 
'nidal rain and a second rise after the 3rd event, with the exception of Cd which showed an initial high value falling with 
one peak only, after the 3rd event, and Ni which started at just over 6 1!8 1"1 and then fell below detectable levels for the 
remainder of the sampling period. CI showed the same trends as the heavy metals but to a lesser degree. 
Continuous monitors; after an initial rise at both sites, DO fell slightly at the start of the 2nd event at Meadow St and 
slightly later at Humber Ave. The 3rd event only had a slight effect and average levels of73% (Meadow St) and 79% 
Humber Avenue) persisted before rising to 84 % and 86% respectively. Ammonium levels peaked early in the 2nd and 3rd 
events at Meadow St (maximum 1.1 mg 1"') with slight falls between, whilst at Humber Ave the level was considerably 
lower with only a slight increase during the l it and 3rd events (maximum 0.3 mg I" ). The pH at Meadow Street dropped 
~ore rapidly after the initial rain than at Humber A venue but remained generally higher than the downstream site. Both 
sites showed a slight fall in pH following the 2nd and 3rd rainfall events. The trends at both sites were identical with a 
~~adual rise to 7.8 and 7.7 respectively. The dissolved solids at Meadow Street started high during the wet period and then 
ropped rapidly with only slight variation during the 2nd and 31ll events. At Humber Ave the rain events caused an increase 
of 0.0 1 g I' with a continued increase to 0.23 g \", toward the end of the run. The levels were consistently higher than those 
recorded at Meadow Street. The temperature measurement at both sites showed a gradual fall over the hours of darkness 
with similar levels at both sites. 
14-Mar-01 IS-Mar-Ol Weekly stats rainfall Finham STW 5~ .. The results are given in full in appendix 6.8.1 and 6.8.2. Key to table on sheet 7, table 7.1 
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Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys) 
CONTINUOUS MONrTOR RUNS ONLY (Ionizer periods of monitoring presented) 
Run. Start Date iEnd Date !oatal Samole '!'yoe !Location !Duration k:omments 
IS 6-Apr-Ot 30-Apr-Ol Continuous C4 Humber Avenue 21d~ 3 large groups of storms, with over 14 recorded rainfall periods. Results highly consistent with recorded depth. DO 
6-Apr-Ot 30-Apr-Ot Continuous C4 Meadow Street 21 days demonstrated a diminished diurnal variation during initial rain period (max.2.5mm hr"') gradually increasing as the 
I fUequency of the rain events reduced before again being diminished following an intense rain event over 4 hours. (max. 
~.5mm h(l) The data recorded at Meadow Street was almost identical to that recorded at Humber Ave with an average of 
~O% saturation at both sites. Ammonium levels at Meadow Street remained fairly constant with regular small peaks to <3 
~g )"' rather than as a result of the initial rainfall period but during the second large storm event the ammonium levels rose 
o IOmg )"' . At Humber Avenue there was no such rise indicating the possibility that debris on the Meadow Street monitor 
was causing aberrations of the results. At Humber Ave a maximum of 1.4 mg )"1 with unexplained diurnal peaks recorded . 
These peaks though smaller, were also identified at Meadow Street. As yet these peaks are unexplained, but may be due 
o alial populations. The level ofammonium at meadow Street was generally higher than that at Humber Ave. The 
dissolved solids at both sites started at 0.2g )"' with slight dips consistent with individual rain events followed by 
subsequent return to slightly elevated levels. The second major event resulted in a dip of over 0.2 g )"' at both sites but the 
peak at Humber Ave was 0.8 compared to 0.4 g I" at Meadow Street. The average was slightly higher at Humber Avenue. 
~ontinuous pH and temperature at both sites was very consistent rising during the day and falling through the night in line 
9-Aor-Ol 30-Aor-OI Flow ~I days 
/With the diurnal variations outlined above. The fall in pH at Humber Avenue following the second major storm was less 
lIumber Avenue !marked than at Meadow Street. The results are given in full in appendix 6.9. 
16 30-~ 15-May-Ol k::ontinuous C5 !Humber Avenue ~4 Q!ys_ !Depth measurements only taken for second half of run. 3 major increases in depth towards end of run. Short rainfall event - ~arlier in run. DO showed good diurnal rhythm at both sites with only minimal disruption during tirst rainfall event. The 
---- 30-Apr-O I 15-May-Ol ~ontinuous C5 !Meadow StreeL 24 da),s , ~nd monitored depth increase coincided with total disruption of Diurnal variation at Humber Ave and a drop to 0% 
~aturation (possibly due to blockage by debris) at meadow Street. Humber Avenue did not recover for the rest of the 
~onitored period and Meadow St recorded another drop to 0% for the final event. In between events at meadow Street 
~iurnal rhythm returned. Other than these reductions, DO did not fall below 60% at Meadow Street and 55% at Humber 
lAve. Good correlation between results. high level orDO maintained and disruption evident as a result ofstorm 
~ows. 
iAmmonium levels at Meadow Street reflected the rainfall events with peaks to a maximum of 1.1 mg rl . At Humber 
iAvenue these peaks were added to by non-storm related events (max 1.5 mg rl), which may have been due to local 
ainfall events or unknown discharge. The final major rainfall event (max. Ilmm hr-I ) impacted heavily on Meadow Street 
but not to the same extent at Humber Ave. The mean concentration at Humber Ave was slightly higher however, than at 
Meadow Street. The pH showed a strona diurnal rhythm, which was again disrupted by the 2nd depth increase. The 
diurnal rhythm recovered more quickly than the DO disruption but was ~ain more exaggerated at Meadow Street. Total 
I 
Dissolved Solids at Meadow St fell sharply at both sites following the 2 rise in measured depth but there was an 
additional reduction in TDS in line with the additional ammonium peak identified above. The temperature was similarly 
1 d"" r d with a short peak to l"C (from t2'C). Only one peak (to 1.'C) was =,dcd at Meadow S, in line with the 3" 
iver depth rise. The diurnal rhythm for temperature was more marked at Meadow St., as would perhaps be expected in an 
pen watercourse in late Spring. 
07-MaY-0I! 15-May-O I Flow iHumber Avenue t21 da s e results are given in full in appendix 6.10. Key to table on sheet 7, table 7.1 
tv 
.+;:. 
LIl 
Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys) 
!Run. ~tart Date lEnd Date Oatal Sample Type Location !Duration romments 
17 17-May-OI I- 06-Jun:Q! ~ontinuous C6 [Humber Avenue ~I daXL pne 3 mm hr" rainfall event at beginning of run, plus 3 later small events (2 @ 1 mm hr- )_ River depth doubled from 20 t----"- "'-" ~m to 40cm. The DO diurnal rhythm was markedly disrupted at both sites by the Initial rainfall event without any ...J. 7 -Ma1-O 1 06-Jun·OI ~ontinuous C6 iMeadow Street . ~1 days ~ - Imarked deterioration In % saturation, and slowly recovered before being disrupted again by the second, more minor 
~vent. Disruption from the final storm event disrupted only the Humber Ave site to a significant degree. Both sites were 
~onsistent with each other but the DO at Humber Avenue was generally lower than at the Meadow St site, with minimum 
~alues of <40% saturation. The ammonium monitor at Meadow St appeared to malfunction following the initial storm 
event but at Humber Ave the resultant ammonium peaks for each storm event did not exceed 0.2 mg rl. 
The recorded pH again showed djumal variation over the period of21 days and the disruption to this pattern was similar to 
that of the DO results discussed above. The pH dropped during the rainfall events and the Humber Ave site was generally 
more acidic than Meadow Street (0.2 difference in max. levels). TDS at Meadow St and Humber Ave fell sharply during 
he initial rainfall event, but only the Humber Ave site showed a slight dip during the 2nd rainfall event. Both sites showed a 
dip during the 31d event (max variation 0 .. 2 g 1"1) but the fall was more rapid at Humber Ave as was the case with pH. This 
was possibly due to the impervious nature of the local environment. The level ofTDS at Humber Ave was slightly higher 
at Humber Ave (O.OSg 1"1 difference). Temperature at meadow St aaain thowed a stronller diurnal rhythm than at 
Humber Ave though an average of around 14°C was recorded at both sites. The rainfall diminished the diurnal variation 
at both sites during each rainfall event, without causing deterioration. 
I 
17·Mny-O I 06-Jun-01 Flow IHumber Avenue ~I days The results are aiven in full in aopendix 6.11. Key to table on sbeet 7. table 7.1 
18 - 06-Jun-Ol 29-Jun-01 Continuous C7 HumbeJ' A venue ~3 days The depth monitor failed due to collected debris after the sing Ie main rainstorm. The rainfall was intense reaching a peak 
06·Jun-Ol 29-Jun-Ol gontinuous C7 Meadow Street ~~a)L 
of7mm hr"1 and lasting for 2 days. The DO at both sites showed a good diurnal rhythm, which was reduced 
-;:-:----:.--:' Flow - - Humber Avenue 
significantly at both sites thought the average level of around 80% saturation was maintained at both sites. The 
06-Jun-01 16·Jun-01 3 days degree of variation at the Meadow St site was lessened for the remainder of the run. The Humber Ave site returned to its 
'ormer diurnal rhythm. The continuous ammonium at Meadow St show a less pronounced increase during the storm 
event than Humber Ave, with peaks of 0.5 & 0.7 mg 1"1 respectively. Both sites showed a later peak to a maximum of 0.9 
mg rl at Meadow St and 1.2mg 1-' at Humber Avenue, which does not seem to correlate with Finham rainfall records. 
Unfortunately the failure of the level device could not confll1T1 whether a local rainfall event was responsible. Again the 
pH diurnal rhythm was disrupted by the storm with only a minor decrease in the average pH following the event «0.5 
difference). The diurnal rhythm returned to its fonner pattern at only the Humber Avenue site, as with the DO observations 
above. TDS dip~ed markedly as a result of the storm event at both sites and levels were generally higher at Humber Ave 
I Av 0.3· 0.4 g I" ) than at Meadow St (0.27S- 0.325g 1"'). Temperature showed a greater degree of diurnal variation at the open Meadow St site and the rhythm was disrupted at both sites by the storm event. 
I 
~he results are given in full in appendix 6.12. Key to table on sheet 7, table 7.1 
tv 
~ 
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Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys) 
lRun. IStart Date tEnd Date Datal Samele TYee [.ocation !Duration Comments 
19 --1 29·Jun·01 27·Jul·01 ~ontinuous C8 lHumber A venue . ~9 days rrhis run started during a storm event with max 5mm hr" . There were subsequently several storm events, which resulted in 
29·Jun-01 27·Ju1·01 Continuous C8 ~eadow Street . 29.£INs 
river depth increases on a further 5 distinct occasions, the ireatest of which Increased the depth of the river at Humber 
- - - + .. -.: Ave! fold. DO at Meadow St fell dramatically ( to <20% saturation) following the initial heavy storm but then very 
quickly returned to normal diurnal rhythm. Humber Ave showed no such deterioration with only minimal disruption of 
diurnal patterns. During the second storm (max. 4mm hfl) the diurnal rhythm at both sites was interrupted briefly and at 
Humber Ave there was a slight deterioration in quality to a minimum of <20%saturation before improving back to normal 
evels during the 5th storm (max. 7mm hr"'). Diurnal rhythm at this point was disrupted at both sites and a return to regular 
peaks and troughs over 5 days, although the average DO at Meadow St reduced over this period to give minimum values of 
<IOmg rIo It would appear that this intense rain had caused operation of the high level overflow at Albany Rd , although 
his effect was not demonstrated at Humber Ave until after the second storm. Debris may have been responsible for the 
I nltlallow DO results thouih these were repeated at both Iltel during the run several times. The Meadow St monitor 
~onlinuously recorded ammonium levels at 1.1 mg r' with one result at 1.3 mg I" following the large 5th storm. The 
)"Iumber Avenue site also recorded regular diurnal peaks but to a lower (0.4 mg 1"') level with a max value ofO.5mg rIo 
I 
Following the final storm levels at both sites returned to <0.4 mg 1"'. 
[The pH at both sites again showed a decrease during storm conditions with disruption of diurnal patterns during each 
~torm. The severity of the storm seemed a factor in how much disruption and reduction in pH occurred at both sites. The 
I 
I 
pH fell over O.! pH units at Meadow St. following the second storm. Diurnal rhythm quickly returned to normal (within 
~4 hours). TDS fell with each storm event, returning to normal levels (0.35 g r') after 2 to 8 days. TDS levels at Humber 
lAve were consistently higher by approximately 0.05g r'.Temperature readings at the open Meadow St. site were again 
~ubject to considerable diurnal variation compared to the Humber Ave location. The storm events had no major impact on 
~e temperature readings recorded and average temperatures were approximately the same at both sites. 
02·Jul-01 27-Jul·01 Flow :Humber Avenue ~5 days rrhe results are lZiven in full in aeeendix 6.13. Key to table on sbeet 7, table 7.J 
~O - !- 27-Jul-01 18.AJ!8.01~ontinuous C9 ~umber A venue ~3 days rt'he first 50% of the run showed no increase in river depth and there were more than 8 peaks in depth in the second half of 
27-JuJ-01 18.A~ Continuous C9 Meadow Street 23 days 
he investigation. The first and largest storm event (which resulted in a doubling of the depth at Humber Ave) caused a 
i.lisruption of the DO diurnal rhythm although again no decrease in minimum levels was detected at either site. With the 
epeated storm events over the next 10 days, the diurnal pattern did not recover fully. Minimum levels recorded at Meadow 
~t were approximately 50-60% saturation and at Humber Ave it was lower at 30-40% saturation. The decrease in 
!maximum % saturation from 150%+ to less than 100% denotes a major impact on algal activity/ presence. DO 
I evels were consistently higher at Meadow St. 
~mmonium levels were insignificant at both sites with peaks to 0.1 mg 1"1 in line with storm events, particularly at Humber 
~ve. The pH showed a strong diurnal pattern, which was disrupted during and following the rainstorm events. The pH 
rends at both sites were very consistent and values at Humber Ave were generally higher than Meadow st. (which is 
~ontrary to previous runs) with maximum levels at 8.7pH units. At Meadow St. the pH dropped by up to 0.8 pH units l 'onowID. 'bel major .'onol. TOS was again .educed markedly during the stonn .vo." and each small rain eve.' had the 
same impact during this investigation with a high level of consistency between the 2 sites. TDS at Humber Ave was 
I lightly higher at 350 g rl (difference of 0.5-0.1 g rl ). Temperatures at both sites were similar though more diurnal 
j IFl0w lJ;umber Avenue 
!variation was recorded at Meadow St. The storms had no impact on temperatures recorded at both sites. 
27-Jul-Ol 18-Aug-01 3 days trhe results are given in full in appendix 6.14. Key to table on sheet 7, table 7.1 
- - - -- - ---- ---
IV 
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Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys) 
;Run. Start Date End Date Datal Sample Type ~ocation Duration Comments 
~1 -f 17-AUg-0129-AUg-OIContinuous CIO liumber Avenue 12 days ~his investigation had one period of extended storms in the first week. The diurnal rhythm for DO and pH were disrupted: 17-Au8:.01 29-Aug-OIJ:ontinuous CIO .Meadow Street 12 days .- at both sites by the early storm period and the monitor at Meadow Street developed a fault in the DO and ammonium 
I I 
probes as a result of debris. The probe started working again for DO after 2.5 days. Minimum DO levels were generally 
higher at Meadow St. although maximum levels were higher at Humber Ave. Ammonium levels were again reduced during 
I his investigation with maximum values of 0.3mg 1'1. Only I peak (O.2mg 1"1) was recorded for ammonium at Meadow St. 
I 
f' pH It both ,;tes w"' afl'ectod ;, that. drop ;, pH (0.6 pH u,;~) was ,v;d,,, aod"" d;umal .hythm w"' b.okco fo. 24 
ours at Meadow St. and for four days at Humber Avenue. TDS dropped dramatically at both sites (O.35g 1"1 to 0.05g 1"1 
umber Ave and 0.275g 1"1 to 0.06g 1"1 at Meadow Street. Correlation between the 2 sites was very good and Meadow St 
17-Aua-0 I 29-Aug-0 I 
as consistently lower in TDS throughout the run. Temperature showed greater diurnal variation at Meadow St. than at 
Flow Humber Avenue 12 days umber Ave. with lower temoeratures recorded as minima. The results are given in full in appendix 6.15. 
~2 i 29-Aug-OI IS-Oct-OI Continuous CII ~umber A venue 17 days Multiple storms throughout the run. Depth monitor installed I day later. DO showed steady diurnal rhythm with slight - +- decreases (to SO% saturation) at Meadow St. initially but with substantial fall to 0% during large final storm (depth increase 
~-1 
29-Aug-01 I S-Oct-O I ~ontinuous C II !Meadow Street 117 days 6 fold) returning to normal diurnal rhythm without deterioration. At Humber Ave the diurnal variation was greater (40-
90%) but at a generally lower level. Storm events interfered with diurnal rhythm and the intense period of depth increase in 
~e last quarter of the run resulted in a drop to zero % for a period of up to 6 hours. During the final storm DO dropped to 
10% saturation. Diurnal rhythm returned quickly at both sites. Ammonium at Meadow St did not increase markedly until 
I 
Ithe last quarter of the investigation. Levels of I mg I"lwere achieved. At Humber Ave an initial rise in ammonium to 1.0 mg 
I 
i 
~I was not repeated. A good diurnal rhythm was recorded at both sites and a decrease in minimum pH was identified for 
ach increase in river depth. The pH at Humber Ave was more variable. At both sites TDS fell sharply during each storm 
~vent. returning to an average of3g I"t at Meadow St and 0.3Sg rt at Humber Ave. within 5 hours. Temperature at both 
ites was not affected by the storms. The readings for Humber Ave were consistently slightly higher than at Meadow St. 
with less diurnal variation. 
! 
I 
30-Aug-01 IS-Oct-O I IFlow !Humber Avenue 116 dayS be results are given in full in appendix 6.l6. Key to table on sheet 7, table 7.1 
tv 
.s;:.. 
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Table 7.1 Investigation Numbers - Data Collection results October 2000 - November 2003 (post-remediation surveys) 
Post -remedial runs 2003 
r-' -,v-;:,ep=v-'I -7 1ver Levell r lOW U;:' r"Ingsoury Avenue 1  oay ~ -, .--- ;-- r -- -- - _n_. --- --- --:-0--- --- -;-- n _____ ; --- m~nitor and auto-sampler at both sites. The results ortnls 
_ _ _ ___ __ _ . _ ._ _. . _ nvestigatlOn are shown In appendIX 8, and discussed In SectIOn 7.2.2. 
events investigated with continuous monitor and auto-sampler over 2 days at 
gation are shown in appendix 9 and appendix 10, and discussed in Section 7.2.3 . 
Continuous monitor -- ---
this 
------- ~---------
7.1 Investigation of post-remedial conditions in the River Sherbourne culvert 
Where investigative runs included the use of the ISCO auto sampler (Plate 4.3), analysis 
for heavy metals and sanitary determinands, including ammonium and BOD were 
carried out. The heavy metal concentrations were measured to determine which 
pollutants remained after the initial purge of organic sources, such as the removal of a 
number of combined sewer overflows and illegal drainage misconnections (objectives 3 
and 5, Section 1.5). This enabled an assessment of the problems that may need to be 
addressed in future catchment management decisions, on the use, maintenance and 
improvement of the urban areas of the River Sowe catchment. Heavy metal data is not 
currently determined by the Environment Agency for the River Sherbourne catchment, 
as there are no consented metal-bearing discharges to the watercourse, and no 
requirement to achieve metal limits under current legislation. However, if the existing 
length of the River Avon (Figure 3.1) designated as cyprinid fishery, is extended 
upstream to include the River Sowe below the confluence with the River Sherbourne, 
the heavy metal concentrations discharged, in urban runoff, from the River Sherbourne 
catchment, may be important. Heavy metal concentration in urban runoff will also be an 
important component for measuring water quality under future water quality legislation, 
such as the Water Framework Directive (200/60IECXSections 2.6 and 3.11). 
The BOD was measured to establish whether conventional water quality guidelines 
were being breached during storm events, and whether the concentrations recorded were 
greater than those identified by routine General Quality Assessment (GQA) monitoring, 
as identified in Section 3.3. The values obtained would also identifY whether 
Fundamental Intermittent Standards (Section 2.5.1), as proposed by the UPM 
methodology (FRICL 0002. FWR, 1994) would be met (see objective 1, Section 1.5), 
and whether this had any bearing on the potential future uses relating to amenity, 
recreation or abstraction of the River Sherbourne, should water quality improve. 
Hourly spot samples taken for total ammonia (ammonium) determination (ISCO auto-
sampler, Figure 4.11) assisted in considering these objectives, but also acted as a 
comparison with continuously monitored results to determine the accuracy of obtained 
data, and identify pollutant concentrations below detectable levels for laboratory 
analysis. These factors, along with a consideration of the benefits (or otherwise), of 
increased data collection, achieved by continuous monitoring over hourly automated or 
monthly manual sampling, are discussed in Chapter 8. The automated sampling also 
allowed detection of other pollutants, such as SS and phosphate, which were not 
measured by the continuous monitors. 
7.2 Featured investigation results-for post-remedial phase (phase 3) 
Three events will be discussed in detail in this section as follows: 
1. Continuous monitor results obtained at Meadow Street and Humber Road, and 
auto sample results from Humber Avenue, for a storm event which took place on 
15 -17 March 2001 
2. A dry weather period over 12 hours in September 2003, using continuous 
monitors at Meadow Street and Humber Avenue, with auto sample results at both 
sites. 
3. A storm event on 25 - 26 November 2003, using continuous monitors at Meadow 
Street and Humber Avenue, with auto sample results from both sites. 
The three featured events were chosen to represent post-remedial investigations which 
would identitY pollution levels in the River Sherbowne catchment during both dry 
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weather and rainfall events following remediation of the Albany Road combined sewer 
overflow, as well as removal (or redirection to the foul sewer), of identified 
misconnections and illegal discharges in the culverted watercourses draining to the 
watercourse, during Phase 2. The March 200 1 investigation used continuous monitors 
upstream and downstream of the city, with an automated sampler deployed at the Humber 
Avenue site during a single rainfall event. The 2003 runs used automated sampling at 
Meadow Street upstream of the city and Humber Avenue downstream of the city, in 
conjunction with continuous monitors at both sites. The results were compared to pre-
remedial and earJier (March 2001) post-remedial data (Table 7.16h to determine any 
change to the impact of the city centre urban drainage, on the River Sherbourne. 
Discussion on whether the data recorded met the objectives of this research is made in 
Chapter 8. 
7.2.1 Storm event IS-17Mareh 2001. 
The results considered in this section relate to the investigation of a storm event 
between 15 and 17 March 2001, recorded at Meadow Street and Humber Avenue in 
Coventry, using local rainfall measured at Coventry STW (Finham), and measured flow 
from Humber Avenue, as discussed in Section 4.5. Water quality data were obtained 
using an ISCO 6700 automatic sampler (Figures 4.11 and 4.12) collecting hourly 
composites, at IS-minute sampling intervals, at the Humber Avenue site only (Figure 
4.18). YSI 6920 continuous water quality monitors (Figure 4.2 to 4.4) were used at 
Meadow Street and Humber Avenue. to obtain continuous water quality data for 
upstream and downstream of the culverted section of the River Sherbourne. The 
equipment was installed as shown in Figures 4.16 to 4.19. 
2S1 
i) Flow data and rainfall 
Figure 7.1 and 7.2 show the results from the RMI Flowrat monitor over the period of 15 
March 2001, at 14: 00 hours to 14: 45 hours on 17 March 2001. The depth was 
monitored only at Humber Avenue, as only one monitor was available. The depth 
(Figure 7.1) and velocity (not graphically presented here) as measured, were used to 
calculate the flow rate (Figure 7.2) in cumecs (m3 S·l) using the known cross-sectional 
area and pre-investigation calibration. 
The depth of the River Sherbourne at Humber Avenue was 20.16 cm at the beginning of 
the investigation period rising slightly to 25.6cm following light rainfall in the first 24-
hour period of the study. The flow rate increased from 0.19m3 8"1 to 0.29m3 S·l, 
accordingly. Rainfall data collected at Coventry Sewage Treatment Works showed 
sporadic precipitation over the same period as shown in Figure 7.3). A dry period for 15 
hours from 08:00 on 16 March to 23:00 on 17 March was followed by a large storm, 
lasting over 10 hours, with rainfall intensity rising to 2.5 mm per hour. Depth in the 
watercourse increased to a maximum of 48.93 cm at 03: 15 hours on the 17 March, with 
resultant velocity and flow rate at 1.17 m S·l and 0.54m3 S·l respectively. Rainfall and 
flow rate showed a secondary but smaller peak 3 hours after the first, before river depth 
recovered to previous levels. 
Figure 7.1 Depth at Humber Avenue 15-17 March 2001 
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Figure 7.2 Flow at Humber Avenue 15-17 March 2001 
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Figure 7.3 Coventry area (Fin ham) rainfall 15-17 March 2001 
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ii) Continuous monitor results 
The Dissolved Oxygen percentage saturation at both sites (see Figure 7.4) was initially 
87% and 93.8% respectively. DO fell to 75% and 78.7% as darkness fell, and the rain 
started to fall . During the initia1 rainfal1 period the Dissolved Oxygen saturation 
gradually rose, before falling back to around 77% at Meadow Street, and 85% at 
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Humber Avenue. The peak period resulted in maximum saturations of 86% and 93.4% 
respectively, at 03:30 hours, falling slightly, before the secondary peak in rainfall. 
Figure 7.4 Dissolved Oxygen (DO) Meadow St. and Humber Ave. 15-17 March 
2001 
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Regular fluctuations of oxygen concentration resulting from algal activity (Diurnal 
variation) were interrupted following the peak rainfall period. Levels of saturation were 
consistently higher at Humber Avenue than at Meadow Street. 
Total ammonia (NH/(N)) showed only minor fluctuations during the storm event at 
both sites. Meadow Street readings were initially at 2 mg r) with a peak of 1.6 mg r1 
(see Figure 7.5) before the peak rainfall period, which was not matched again during the 
rest of the investigation. 
Figure 7.5 Ammonium results Meadow St. and Humber Ave. 15-17 March 2001 
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At Humber Avenue maximum values of 0.5 mg rl were observed in the dry baseline 
period followed by a return to 0.2 mg r l during the initial rainfall period with a delayed 
increase to 0.4 mg rl preceding a peak rainfall period value of 0.3 mg rl . The level 
returned to 0.2 mg rl for the rest of the event. The pH values fell from 8.05 to 7.8 at 
Meadow St. and 7.99 to 7.68 at Humber Avenue during the evening (dry) baseline and 
initial rainfall periods, recovering to a maximum of 7.95 at Meadow street and 7.83 at 
Humber Avenue in the afternoon of 16 March (see Appendix 7.1 and Figure 5.3.1f)) 
during the pre-storm dry period. The pH level fell to 7.66 during the peak rainfall period 
(03:00 hours, 17 March) at Humber Avenue, and to a lesser degree at Meadow Street, 
and failed to recover significantly at both sites for the rest of the event, reaching a 
minimum of 7.65 at Humber Avenue at 08:30 hours on 17 March. Total Dissolved 
Solids were calculated by the monitor software using conductivity data. Before the 
rainfall event in the dry baseline period, IDS (Figure 7.6) rose to 0.425 g rl at Meadow 
Street and 0.575 g rl at Humber Avenue. The TDS concentration fell at both sites as the 
flow rate increased during the peak rainfall event rising briefly before reducing slowly 
to 0.19 g rl and 0.2 g rl respectively, at the end of the monitoring period. IDS was 
consistently higher at Humber Avenue, except during the peak rainfall period. 
Figure 7.6 Continuous TDS Meadow St. and Humber Ave. IS-I7 March 2001 
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Temperature readings at both sites were fairly constant maintaining an average of7.5 °C 
(see Appendix 7.1). During the peak rainfall period, the temperature at Humber Avenue 
fell more sharply than at Meadow Street, to a minimum of 4.36 °C at 06:15 on the 17 
March. The temperature increased slowly at both sites following the secondary peak 
rainfall period. The temperature at Meadow Street was slightly lower than at the 
Humber Avenue site, which may reflect the wider nature of the river channel above the 
sampling point or the impact of warmer point source contamination from the culverted 
watercourses in the centre of the city. 
iii) Auto Sampling results - Heavy metals 
All samples were analysed for total metals, which included, Zn, Cu, Ni, Pb, Cd and Cr 
(Figures 7.7 and 7.8). During the pre-stonn period, debris blocked the auto-sampler 
intake and one sample was missed. All of the heavy metals showed a strikingly similar 
pattern during the storm event, with a minor peak in the early hours of the initial rainfall 
period, followed by a general reduction in concentration until the peak rainfall period. 
During the secondary peak rainfall period a second large peak, followed by a lesser 
peak of concentration, was displayed for each metal analysed. Following the stonn all 
heavy metal concentrations remained at levels which were two or three times higher that 
those measured during the dry baseline period. Ni concentrations were less than the 
detectable limit (5J1g r1) except for 6 of the samples (plotted as X on Figure 7.8). 
Figure 7.7 Auto-sample results - Cu and Zn Humber Ave 15-17 March 2001 
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Figure 7.8 Auto-sample results - Ni, Cd and Cr Humber Ave 15-17 March 2001 
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The River Sherbourne is not a salmonid or cyprinid watercourse, and the standards 
required by the EC Freshwater Fish Directive (78/659/EEC) and associated regulations 
do not therefore apply, but the mandatory (95%), and strictest, value of 0.2 mg rl Zn for 
salmonid fisheries was not exceeded. The maximum concentration for Cu of 461lg rl 
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recorded during this storm event was greater than the guideline concentrations for both 
salmonid and cyprinid fisheries, as given in Section 2.4.4. The National Environmental 
Quality Standards for List II substances for freshwater (DOE Circular 7/89) give levels 
for heavy metal compliance, assuming a range of hardness for the River Sherbourne 
(based on routine sampling) of 100-180 mg rl Ca C03, as shown in table 7.2: 
Table 7.2 Environmental Quality Standards (freshwater) for List II substances 
DOE Circular 7/89) 
Total Pb Cr Zn Cu Ni 
hardness 
Protection of other 2S0AT lOAD 
aquatic life 100-150 125AD 17SAD lOOOP 40P 
150AD 
(e.g. cyprinid fish) 
ISO-200 2S0AD 200AD 2S0AT lOAD 150AD 
lOOOP 40P 
Key: A - Annual average, P- max. for 95% samples, D = dissolved. T = Total 
(All measurements in p.£ rl) 
In addition, the maximum permissible concentration for Cd (List I substance) is 5flg rl. 
Of the results obtained during this investigation for List II substances, only Cu was 
found above the guide level, though for cyprinid waters, concentrations at this level 
would have to be found in 95% of samples, which is not the case here. As analysis was 
carried out only for total Cu, the dissolved fraction could still be within acceptable 
limits. This is discussed further in Section 7.4.1. 
The relationships between the heavy metals and the sanitary determinands found during 
storm events in the River Sherbourne will be discussed in Section 7.4.1, as will the 
statistical significance of these relationships, overall trends, and the possible sources, 
based on previously published literature, as discussed in Chapter 2. 
iv) Chloride. Suspended Solids and Total Phosphate 
Sampled CI concentration increased markedly from 60 mg r] during the dry baseline 
period, to a peak of345 mg rl during the initial rainfall period. The level then decreased 
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steadily over the next 27 hours to initial levels before rising to lesser peaks of277 mg rl 
and 233 mg rl during the peak rainfall and secondary peak rainfall events respectively. 
The results showed that the CI peak occurred toward the end of the peak rainfall period 
rather than during the event itself, as was the case with the heavy metals. Since water is 
not abstracted for potable use there are no CI limits applicable to the River Sherbourne, 
but the maximum level permissible under the Surface Waters (Abstraction for Drinking 
Water) Directions 1996, as required by the Surface Water abstraction Directive 
(SW AD) 75/4401EEC, would be 200 mg rl for all classes of abstraction. There is no 
intention at this time to abstract water from the River Sherbourne to supplement the 
public water supply. The results for CI, SS and Total Phosphate are represented in 
Figure 7.9: 
Figure 7.9 Auto-sample results - CI, SS and Total P. Humber Ave 15-17 March 
2001 
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Orthophosphate remained at non-detectable levels « 0.5 mg r1) for the duration of the 
storm, but total P showed some variation during the peak rainfall period (Figure 7.9), 
with a maximum concentration of 280 mg rl, before falling slightly again. The 
concentration increased slightly during the 2nd peak rainfall period, and continued to rise 
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to a maximum of 445mg rl at the end of the sampling period. The range of values 
recorded for this investigation was 100- 450~g rI, which would equate to a Class 5 river 
under the GQA Nutrient Classification Scheme (Environment Agency, 2003), where a 
range of <0.2 - 1.0 mg rl is described as 'Very High'. The results for total P will be 
discussed in relation to the second hypothesis (Section 1.4) in Chapter 8. The river 
displayed other eutrophic characteristics during long-term river monitoring runs, 
including a very strong diurnal rhythm for Dissolved Oxygen and pH, which may 
indicate a healthy algal population. 
The SS concentration followed a similar pattern to total P, with a marked increase in 
concentration towards the end of the sampling period (see Figure 7.9). The 
concentration rose to a maximum of 122 mg rl following the initial rainfall period, 
falling back to 20 mg rlor less for a period of 11 hours. During the peak rainfall period 
the concentration peaked to 233 mg r I , before falling back to pre-storm levels. After the 
second peak rainfall period, the SS concentration increased to a maximum of 365 mg rl. 
The SS peak increased during the peak rainfall periods in line with heavy metal 
concentrations, with a slight delay after the initial rain. The relationships between SS 
and other pollutants found during this and other rainfall events are discussed in detail in 
Section 7.4.1. 
The auto-sampled pH results showed the same variation as those recorded by the 
continuous monitor, dropping during the initial rain and peak rainfall periods and 
returning to normal levels between them. The fluctuations in pH identified by the 
samples were not nearly as marked as those recorded by the continuous monitor. This 
could be due to the fact that the composite samples identify a more linear variation in 
pH over the period, against the more immediate I5-minute frequency recorded by the 
continuous monitors. This comparison will be discussed further in Section 7.4.1. 
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BOD showed an increase during the initial rainfall period, to a maximum of 11.5 mg rl 
at 22.00 hours on 15 March (see Figure 7.10). The concentration then dropped to an 
average of around 3mg rl until the peak rainfall period when a peak value of9.83 mg rl 
at the height of the storm flow was achieved. The second, lower peak identified during 
the peak rainfall period was in line with SS and Total P analyses, which may indicate a 
high component of organic matter within the storm flow. A slightly higher 
concentration than was identified during the baseline period, was maintained following 
the storm event. 
Figure 7.10 Auto-sample results - BOD and TON Humber Ave 15-17 March 2001 
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TON fell to one third of previous levels during the peak rainfall period, reaching a 
minimum concentration of2 mg rl three hours after the peak rainfall level on 15 March 
2001 (see Figure 7.10). The reduced concentration was extended during the second peak 
rainfall period, before rising slowly towards dry weather (baseline) levels. The pattern 
of fluctuation was similar to that of ammonium as determined by the continuous 
monitor (Figure 7.5). 
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7.2.2 Dry weather investigation September 2003 
i) Introduction 
The dry weather investigation was carried out over a 12 hour period on 30 September 
2003, to obtain a more recent evaluation of water quality in the urban River Sherbourne. 
With the stonn event monitored over 25-26 November 2003, this investigation 
presented an opportunity to compare dry weather pollutant concentrations at Meadow 
Street and Humber Avenue, against wet weather conditions at both sites. In comparison 
to earlier investigations, an increased resource in sampling equipment and continuous 
monitors became available, plus flow data provided by new fixed river level recorders, 
situated upstream and downstream of the monitored sites. The results are presented in 
pollutant groups for each event in this section, and as site-specific data for each event in 
Appendix 8, with an interpretation of trends, relationships and possible sources in 
Section 7.4.2. Comparisons will be made between upstream of the city centre at 
Meadow Street, and downstream of the city centre culverted stretch, at Humber Avenue. 
The site data will also be compared against previous trends and for dry weather and wet 
weather variation in Section 7.3 .1. 
Unfortunately the continuous monitor failed as a result of storm damage at Humber 
Avenue during the November 2003 storm investigation. The continuous monitors were 
withdrawn from use for economic reasons by the Environment Agency shortly 
afterwards, which did not permit a repeat of the investigation at a later date. The results 
for the 2003 investigations are given in Appendices 8, 9 and 10 and discussed briefly in 
Sections 7.2.2ii) to 7.2.2xv) below. 
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ii) River data and Rainfall 
The rainfall for the period of investigation was zero (Figure 7.11), and the river level 
decreased only very slightly over the 12-hour study, with no sudden increase from local 
sources, as shown in Figure 7.12. 
Figure 7.11 Rainfall Dry weather event September 2003 
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Figure 7.12 River level Kingsbury Avenue September 2003 
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iii) Continuous DO concentrations dry weather Meadow St. (upstream of city) and 
Humber Avenue (downstream of city) September 2003 
The DO percentage saturation (Figure 7.13) decreased slowly over the monitoring period 
at both sites with levels at Meadow Street consistently higher than at Humber Avenue. 
Minimum levels were >60% saturation, as identified for a class C river (Section 2.4.2). 
Figure 7.13 Continuous monitoring-Dissolved Oxygen saturation September 2003 
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iv) Continuous ammonium concentration dry weather September 2003 
Meadow St. (upstream of city) and Humber Avenue (downstream of city). 
Changes in ammonium were again minimal, with levels of no more than 0.4 mg r l 
identified at both monitoring sites, as shown in Figure 7.14. 
Figure 7.14 Continuous monitoring- ammonium September 2003 
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This was repeated in the sampled ammonium levels, which were below the detectable 
levels (0.5 mg rl) as identified in Section xvii) below. The levels identified during dry 
weather were well below the maximum of 1.3 mg r l, as required for a class 3 
watercourse, and would meet the requirements for a RE2 river objective under the River 
Ecosystem classification system, as identified in chapter 2. The maximum value of 0.4 
mg rl is within the ammonium guideline figure of 0.78 mg rl for cyprinid waters, as 
identified by the EC Freshwater Fish Directive (78/659/EEC). 
v) Continuous pH measurements dry weather September 2003 
Meadow St. (upstream of city) and Humber Avenue (downstream of city). 
The pH results showed a slight diurnal variation with levels consistently higher at 
Meadow Street than at Humber Avenue. The fluctuation recorded was <2 pH units over 
the monitoring period, as shown in Figure 7.15. The pH values were within acceptable 
limits (6.0-9.0), as required by all relevant legislation applicable to the watercourse. 
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Figure 7.15 Continuous monitoring- pH September 2003 
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vi) Continuous Specific Conductivity measurements dry weather September 2003 
Meadow St. (upstream of city) and Humber Avenue (downstream of city). 
The monitoring at Meadow Street (Figure 7.16) showed slightly lower values than at 
Humber Avenue, but there was a single peak identified in the middle of the monitoring 
period, which did not occur for any other monitored pollutant, and as yet remains 
unexplained. 
Figure 7.16 Continuous monitoring Specific conductivity September 2003 
Meadow St. (upstream of city) and Humber Avenue (downstream of city). 
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vii) Continuous Temperature - dry weather September 2003 
Meadow St. (upstream of city) and Humber Avenue (downstream of city). 
The temperature at both sites decreased as evening progressed during the monitoring 
period. The temperature recorded at Meadow Street was slightly lower than that measured 
at Humber Avenue as shown in Figure 7.17: 
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Figure 7.17 Continuous monitoring-Temperature September 2003 
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viii) Heavy metal concentrations dry weather September 2003 
Meadow St. (upstream of city) and Humber Avenue (downstream of city). 
The Zn concentrations at both sites (Figure 7.18) were fairly static, after an initial high 
value at Meadow Street in the first sample. This high value was also reflected in the 
concentrations of Cu, Pb and to a lesser degree, Cr, as shown in Figures 7.18 to 7.20 
below. The results correspond with a high SS concentration found in the first sample of 
the Meadow Street investigation, as shown in Figure 7.22. The initially high result may 
have been due to the displacement of settled solids in the culvert at the time of installation 
of the sampler, or it may have been due to an intermittent discharge of metal-containing 
effiuent at this point. As there are no known 'wet' industrial processes in the immediate 
vicinity of the Meadow Street sampling point, it is suspected that the former explanation 
is more likely to be correct. It is not known whether any maintenance of the drainage 
system, or road gully pots, was in progress at this time. A smaller peak was then identified 
at Humber A venue shortly afterwards, for most of the metals and SS, which may reflect 
the time of travel under these dry weather conditions, between the two points. The 
increase in Pb concentration shown in Figure 7.21 in the last sample, taken at 23.00 hours, 
is unexplained. 
Figure 7.18 Auto-sample -Zn concentrations September 2003 
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Figure 7.19 Auto-sample -Cu concentrations September 2003 
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Figure 7.20 Auto-sample -Pb concentrations September 2003 
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Figure 7.21 Auto-sample-Cr concentrations September 2003 
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The heavy metal concentrations found during the period of dry weather are, in all cases, 
more than a factor of ten below the recommended guidelines identified by the 
Environmental Quality Standards for List II substances, as shown in table 7.2. 
The results for Zn and Cu are also significantly below the guidelines identified for 
Cyprinid waters under the BC Freshwater Fish Directive (78/659IEEC), as given in 
table 2.9 (Chapter 2). The River Sherbourne has a River Ecosystem objective ofRE4, 
with 95 percentile limits of 112 J.!g r1 for dissolved Cu, and 2000 J.!g r1 for Total Zn. 
The dry weather results of less than 5 and 20 J.!g r1 respectively, pose no threat to 
potential river usage at this time. All the heavy metal concentrations measured would 
not exceed the LC50 values identified for invertebrates or fish by Crompton (1997), as 
given in table 2.6 (Chapter 2). A comparison of the levels found is made against other 
storms and the findings of other authors in Section 7.4. 
The suspended solids results (Figure 7.22) showed a slight peak to 8 mg r' at Humber 
Avenue after an initial high concentration, which may have been the result of installing 
the equipment, or an indication that the higher concentration initially identified at 
Meadow Street, had reached the Humber Avenue monitoring point. 
Figure 7.22 Auto-sample-Suspended Solids concentrations September 2003 
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[x) Cadmium and ortho-phosphate concentrations dry weather, Meadow St. and 
Humber Ave. September 2003 
Cadmium and orthophosphate were not detected at either Meadow Street or Humber 
Avenue sites during the dry weather investigation. 
x) Sample pH measurements dry weather Meadow St. and Humber Ave. 
September 2003 
Sampled pH (Figure 7.23) showed the same pattern for both sites as the continuously 
monitored pH measurements, though the variation in pH levels for samples was less 
than 0.2 pH units. This can perhaps be explained by the samples achieving equilibrium 
in the time before they were analysed, and also points to the data levelling effect of 
analysing composites, against real time continuous monitoring. 
Figure 7.23 Auto-sample-pH measurement September 2003 
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xi) Biochemical Oxygen Demand (% saturation) dry weather Meadow St. and 
Humber Ave. September 2003 
The BOD at both sites (Figure 7.23), showed an initial peak after installation of the 
equipment, which may indicate that the solids collected either from disturbed sediment, 
or from the main water body at that time, had an organic composition. The peak in 
concentrations for total heavy metals at this time, suggests heavy metal adsorption by 
the suspended solids for some pollutants, as discussed in Section 2.2. The BOD of over 
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12 mg rl found in the fIrst sample at Meadow Street exceeds the 90-percentile limit for 
a class C watercourse, but is generally exceptional in the findings during dry weather at 
both sites. If consistently measured at this level of BOD, the watercourse would fall 
within the quality objectives for a river ecosystem classification of RE4, which is 
currently the appropriate objective for this urban watercourse. 
Figure 7.24 Auto-sample- BOD September 2003 
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xii) Total Oxidised Nitrogen (TON) Dry weather Meadow St. and Humber Ave. 
Septem ber 2003 
The TON concentrations were constant at both sites, with the level for Humber Avenue 
(average 7.9 mg 1-1) consistently higher than at Meadow Street (average 6.5 mg rl), as 
shown in Figure 7.25 . 
Figure 7.25 Auto-sample-TON measurement September 2003 
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xiii) Sampled ammonium dry weather Meadow St. and Humber Ave. September 
2003 
Ammonium concentrations remained below the detection level of 0.5 mg r' at both 
sites. These results are consistent with the measurements recorded by continuous 
monitoring as shown in Figure 7.5. 
xiv) Chemical Oxygen Demand Dry weather Meadow St. and Humber Ave. 
September 2003 
The COD result (Figure 7.26) was consistent with the BOD, SS and metals results, with 
an initial high value at Meadow Street followed by a lesser peak at Humber Avenue. 
Results for the rest of the investigation period were constant and consistent at both sites. 
The initial sample may have contained a higher concentration of organic matter, which 
possibly indicates the tail end of a local discharge or pollutant plug at Meadow Street that 
did not significantly affect the results at Humber Avenue following dilution through the 
course of the culverted section. 
Figure 7.26 Auto-sample COD September 2003 
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7.2.3 Storm event November 2003 
The November storm event consisted of a dry period followed by sporadic rain events, 
over the first six hours of the investigation. The main storm event lasted a further seven 
hours, and reached a peak of 3.5 mm of rainfall per hour after 4 hours, before tailing off 
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again, as shown in Figure 7.27. The river level responded quickly to the stonn event, 
and peaked upstream at Kingsbury Road and downstream at Whitley flow monitoring 
stations, in line with the peak of the stonn event, as shown in Figures 7.28 and 7.29. 
The speed of the river level response indicates the high percentage of impervious areas 
draining to the main river channel in the city centre, as identified in Figure 2.2. 
i) River data and rainfall 
Figure 7.27 Coventry (Fin ham) STW Rainfall, November 2000 storm event 
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Figure 7.28 River Depth Upstream of City (Kingsbury Road) November 2000 
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Figure 7.29 River Depth Downstream of City (Whitley) November 2000 
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ii) Sanitary Determinands 
The storm event monitored in November did not have a major impact on the levels of 
Dissolved Oxygen saturation, ammonium, pH or specific conductance. The results of 
the investigation are presented in Appendix 7. The Dissolved Oxygen saturation 
remained above 90%, with only a minor dip during the initial night-time rainfall period, 
before returning to supersaturation levels at 120% during daylight hours, as shown in 
Appendix 7.3d. The ammonium monitor indicated ammonium levels below the level of 
detection during the dry period rising to only 0.1 mg rl for the rest of the monitoring 
period, as shown in Appendix 7.3e. It is possible that the monitor had malfunctioned 
during the storm event, as was the case at Humber Avenue, but the sampled ammonium 
concentrations were also below the 5 mg rl detection level throughout the storm event. 
The continuous pH measurement (Appendix 7.31) showed a fall during the initial 
rainfall, which then continued falling over a range of 0.4 pH units. A similar decrease in 
pH was identified in the sampled pH measurements at both sites (Appendix 7.2i», 
though the level was slightly higher. This difference could indicate the impact of one-
hour sample retention during transport prior to determination and the possible effects of 
composite sampling as described previously in the results of the September dry weather 
monitoring event (Section 7.2.2). The BOD and pH levels were satisfactory for a class 3 
watercourse, meeting objectives for class 4 River Ecosystem, with potential for 
supporting cyprinid fish populations. The results for continuous and sampled pH 
determinations are shown in Figures 7.30 and 7.31. Meadow Street is the monitoring 
point upstream of the city centre, and Humber Avenue is situated downstream of the 
city centre. 
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Figure 7.30 Continuous pH at Meadow Street, storm event November 2003 
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Figure 7.31 Sampled pH comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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Figure 7.32 Continuous specific conductivity Meadow St. storm event November 
2003 
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Specific Conductivity levels also decreased continuously after a significant peak at 
twice the initial concentration, at the start of the initial rain period as shown in Figure 
7.32. The SC increase corresponds with peaks in heavy metal concentrations and SS, as 
shown in Figures 7.33 to 7.38 below. The apparent correlation between the results for 
Zn, Cu, Pb and Cr, and to a lesser extent Cd, particularly at Humber Avenue, is 
discussed in Section 7.4.2. The readings for temperature over the monitoring period are 
given in Appendix 7.3h. 
iii) Heavy Metals 
Figure 7.33 Sampled Zn comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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Figure 7.34 Sampled eu comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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Figure 7.35 Sampled Pb comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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Figure 7.36 Sampled Cd comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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Figure 7.37 Sampled Cr comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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Total Ni concentrations were below the detectable limit of 5 ~g rl at both sites for the 
duration of the event. 
The heavy metal concentrations found during the November storm are in all cases, at or 
below the recommended guidelines identified by the Environmental Quality Standards 
for List IT substances as shown in Table 7.2. 
The result for Cu at Humber Avenue matches the 95-percentile maximum quality 
objective for dissolved Cu of 40~g r1, though as the analysis was for Total Cu, again 
the objective was not breached. The results for Zn and Cu are also below the guidelines 
identified for Cyprinid waters in the EC Freshwater Fish Directive (78/659/EEC) as 
given in table 2.9 (Chapter 2). The River Sherbourne has a River Ecosystem objective 
ofRE4, with 95 percentile limits of 112 f.lg rl for dissolved Cu, and 2000f.lg r1 for total 
Zn. The November storm results of less than 40 and 225 f.lg rl for total Cu and total Zn 
respectively, pose no threat to potential river usage at this time. 
iv) Sampled Suspended Solids concentrations 
The SS peak at Humber Avenue (Figure 7.38) coincides with heavy metals peaks 
identified at Humber Avenue during the November storm event. The relationship 
between these pollutants is discussed further in Section 7.4.2. 
Figure 7.38 Sampled SS comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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v) Sampled ortho-phospbate concentrations 
Ortho-phosphate was below the detectable limit of 0.5 mg r l at both sites. 
vi) Sampled Biochemical Oxygen Demand 
The peak level BOD at Humber Avenue occurred at the same time as the peak 
concentrations for SS and metals, as shown in Figure 7.39. 
Figure 7.39 Sampled BOD comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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As in the storm event of March 2001 , the SS appear to have been of organic 
composition (exerting an oxygen demand during analysis), with heavy metal adsorption 
evident for some pollutants. The BOD of over 15 mg rl found at Humber Avenue 
exceeds the 90-percentile limit for a class C watercourse, as do the rest of the sampled 
results at this site. If consistently measured at this level of average BOD, the 
watercourse would meet the quality objectives for a river ecosystem classification of 
RE4, which is currently the appropriate objective for this urban watercourse. If 
consistently sampled at the peak value, a classification of RES would be appropriate, as 
would class E (poor) under the General Quality Assessment classification system (table 
2.9). The apparent correlations between BOD and the other pollutants present are 
discussed further in Section 7.4.2. 
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vii) Sampled Total Oxidised Nitrogen 
TON concentrations for both sites decreased over the monitoring period, as shown in 
Figure 7.40, with a small peak detected at Meadow Street before a further reduction in 
concentration after the storm event. 
Figure 7.40 Sampled TON comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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viii) Sampled ammonium concentration 
Ammonium concentrations were below the detectable limit of 5 mg r 1 at both sites. 
ix) Sampled Chemical Oxygen Demand 
The trend for Chemical Oxygen Demand (Figure 7.41) closely mirrored the result for 
BOD at both sites as discussed in Section 7.2.3vi). 
Figure 7.41 Sampled COD comparisons at Meadow Street and Humber Avenue 
during storm event November 2003 
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7:J Conclusions and statistical analysis of the results for the River Sherbourne 
investigations during Phase 3. 
Introduction 
This section discusses the results for Phase 3, and explores the relationships between 
environmental conditions and the concentrations of pollutants identified, using 
continuous quality monitors and automated sampling equipment for prolonged periods 
in drainage systems, culverted and open watercourses, as described in Chapter 4. 
The results for these and other data sets were compared to one another to determine 
whether parameters were linked, or demonstrated similar or opposing trends, during 
repeated investigations at the same site and sites upstream and downstream of the city 
centre culverted stretch of the River Sherbourne. Hydrological data is often not 
normally distributed (Charlesworth & Lees, 1999) and the results were analysed using 
the non-parametric Spearman's test for rank: correlation, to identify significant 
correlation (with each other), to 95% and 99% confidence levels. The correlation data is 
summarised in Tables 7.3 to 7.5. 
7.3.1 Post remedial data collection, October 2000 to November 2003 
The replacement of the six unsatisfactory combined sewer overflows at Albany Road 
with a single high-level overflow was completed around September 2000 (with 
ownership to Severn Trent Ltd. transferred during 200 1), and the monitoring carried out 
beyond this development period has been identified as the post-remedial phase (phase 
3) of this research. Monitoring runs and automated sampling runs were carried out 
upstream and downstream of the city centre, as detailed in Table 4.7. All monitoring 
equipment was calibrated immediately before the continuous monitoring, and 
comparison of trends for upstream and downstream monitoring was used for quality 
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control of monitoring data. The results from all of the 17 post-remediation runs are 
shown in Appendices 6.1- 6.16, and summarised in Table 7.1, and a summary of the 
highly significant and significant correlations for the post remedial investigations 
(derived from the application of the Spearman's correlation test to each investigation 
run) is given in Table 7.3 and 7.4) (auto-sample runs 6-11) and Table 7.5 (continuous 
monitor runs Cl -CII). Rather than identify individual.-2 (significance) values for each 
variable comparison, a significant result is represented as 0, and a highly significant 
result represented as -lor 1, with the null hypothesis of no relationship between two 
variables not shown. In this way the number of significant and highly significant 
correlations for each relationship during different individual runs can be easily 
identified, giving an indication of the strength of the relationship between different sites, 
parameters and weather conditions, over a number of investigations. 
Generally the results show that during a rainfall event, BOD increases with SS, Cd, Cu 
and Zn. Cr is linked with SS concentrations during wet and dry conditions, and Cu and 
Zn appears to be linked to SS during storm events. The upstream ammonium 
concentration appears to increase with increased river depth. whereas downstream the 
concentration falls consistently with highly significant results (p> 0.01) showing 
negative correlation against river depth in the Spearman's correlation analysis. This may 
be due to the lag time between the monitoring point and the location of the depth 
monitor at the downstream monitoring point. This potential problem was addressed in 
later investigations (Section 7.4.2) by the use of upstream and downstream depth 
measurement at Kingsbury Road and Whitley (Figure 3.2), and adjusted correlation data 
against river depth and rainfall data, to compensate for variable lag times in flow, and 
transportation of rainfall via local drainage to the watercourse, between the two points. 
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Table 7.3 S~earman rank correlations for ~ost remedial sam~le results from investigations Auto 6-11 
I 
sampled 
BOD 
NH3N 
SS 
Ortho-P 
pH 
Total Cd 
Total Cr 
Total Cu 
Total Zn 
Total Ni 
rainfall 
depth 
TON 
Total P 
Total Pb 
Chloride 
IV 
00 
IV 
Key 
BOD 
I 
NH3N 
I I 101101 SS 
11 
Ortho-P 
-1-1-1-1 1 -1-1-0-1 
pH 
1010 110 -0-1 
Total Cd 
10]11 11111 -1 -0-0-1-1 1111 11 
-1-1 
1 1111111 111011 -1-1-1-1 11111 
0 -1-1 
1 11111 -1 1111 -1-1-1-1 1111 
I -\ 11 
I 101 111 -0-0-1-0 0 
-1-1-1 -1 -1-1 111 -1 
1110 -1 111 -0-1 1101 
1111 1111 -1-1-1 111 
111 
Storm I=Highly Significant p:50.01 ; O=Significant p :50.05 
Dry weather I=Highly Significant p:50.01 ; O=Significant p :50.05 
~ey to table: 
1 = highly significant positive correlation during single run 
-1 =highly significant negative correlation during single run 
o indicates a positive or negative (-0) significant correlation 
I US = upstream of city; DS= downstream of city 
Total Cr 
11111 I Total Cu 
11111 11111 
Total Zo 
-1 -1 -1 
Total Ni 
00 01 0) 
rainfall 
010 
depth 
-1-1-1 -0-0-1-1 -1-1-1-1 -0 
01 0 Total P 
1111 -1 01 001 I Total Pb 
11 111 I Chloride 
Single significant or highly 
significant result 
Table 7.4 Spearman rank correlations for post remedial sample results for investigations Auto 6-11 and associated continuous results. 
. between continuous data onJy detailed in table 7 5 C I - C 11 continuous monitor 
Continuous 
sampled 
BOD 
NH3N 
SS 
Ortho-P 
pH 
Total Cd 
Total Cr 
Total Cu 
Total Zn 
TOlal "t--i 
rainfall 
depth 
TON 
Total P 
Total Ph 
Chloride 
IV 
00 
w 
Key 
USDO% 1 USNH3N 
-1 0 
-1 
-1 
00 
-0 100 
0 
US pH US 1 DSDO% 1 DS NH3N spec.cond. 
-0 -1 
-1 -1 
0 
-1 -1 
-0 
-0 
-1 
10 10 
-1-1 
0 
0 
11 
OS pH 
-1 
-1-1 
-0 
-I 
-1 
-1-1 
001 
I-I 
. -1-0 
I 
DS 
speccond. 
-1 
-1 
-1 
0 
100% Consistent trend 
USTDS US Temp 
o 
I I 
1 I 
DSTDS DS Temp 
-1 
I I 
I 10 
Table 7.5 Spearman rank correlations for post remedial investigation numbers Cl- ell (continuous monitor data only) 
Continuous 
tv 
00 
~ 
USDO% 
USNH3 
US pH 
USTDS 
US Temp 
DSDO% 
DSNH3 
OS pH 
DSTDS 
DS Temp 
Depth 
DIS only 
Key 
USDO% 
-1-1-1-1-1 
-1 -0 USNH3 
-1-11-1-1 
-Ill 
1010-1-0 
-1-1 -1 
US pH 
111111111 
11 
USTDS 
11111111 
US Temp 
1lll-ll11 
K ey to table: 
1 = highly significant positive correlation during run 
-1 = highly significant negative correlation during run 
o indicates a positive or negative (-0) significant correlation 
numbers in brown indicate a dry weather investigation run 
US = upstream of city; DS= dovITIstream of ci~ 
DSDO% 
DSNH3 
DSpH 
DSTDS 
111-1-10-1 11111 11 
11111111 
DS Temp 
1-111 
Depth 
DIS only 
oonslstent <80% consistent trend 
The introduction of unknown ammonium sources at the upstream monitoring point is 
also a possibility during the wet weather events, to a lesser degree than experienced 
previously (phase 2), but in line with previous monitoring runs at this site. The effects 
are much reduced, with a lower average ammonium concentration, and less impact on 
the watercourse downstream than in Phase 2. The DO generally increased at the 
upstream and downstream monitoring points with increased flow, in contrast to the 
early monitoring and pre-remedial data, indicating an overall improvement in water 
quality, and a reduction in organic load discharging to the watercourse. The data for 
sanitary determinands identified in each phase of the research is given in Table 7.6: 
Table 7.6 Descriptive statistics for early, pre-remedial and post-remedial data 
during Coventry storm events 
Research 
phase 
Early data 
1996-1997 
Pre-remedial 
1999-Sept 
2000 
Post-
remedial Oct 
2000-2003 
GQA 
C 
95 
DSDO 
mgr1 
DS NI-4 (N) DSpH GQA routine 
mgr l PH units DO % N&N 
saturation rl 
14.7 9.1 
< 1.3 6-9 
A summary of the descriptive statistics for each phase are given in Tables 6.3 -6.4, 6.5-
6.8, and 7.4 to 7.6 respectively. The post-remedial monitoring runs show an improved 
mean concentration for DO saturation below the city, but the minimum levels still 
reflect that with the high level storm overflow in place, and the likelihood of other 
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unidentified illegal discharges to the river system, the potential for oxygen depletion is 
still present. 
Fundamental Intermittent Standards (FIS) for DO (Table 2.11), are given in mg r1, 
whereas the minimum concentration given for the post-remedial phase identified in 
Table 6.4 is expressed in terms of percentage saturation. The minimum 00 value for 
Phase 3, (where blockage of equipment by debris had not occurred), was obtained 
during run C11. Readings below 40% were measured continuously for 4.5 hours during 
wet weather, with a water temperature of approximately I3°C. At 10°C, 100% 
saturation of DO equates to a concentration of 11.3 mg r] (Tebbutt, 1977), which gives 
an approximate saturation value of 10mg rl at I3°C. A percentage saturation of 40% 
therefore equates to 4mg rt, which is the minimum I-hour duration Fundamental 
Intermittent Standard identified by the UPM methodology (FRICL 0002.FWR, 1994) 
(Section 2.5.1), for a monthly return period. The DO concentration fell below this 
required minimum level for a continuous period of 4 hours, which would constitute a 
breach of the UPM standards shown in Table 2.12. The minimum value of <3mg r1 was 
close to breaching the yearly return standard, and would have done so, had it been 
prolonged for over 1 hour. The mean value of 0.33mg r] for total ammonia, (which 
relates to 19350 measurements taken during this period of research). is below the 95-
percentile limit of 1.3mg r] for a class C watercourse. but is higher than the recorded 
mean of 0.11 mg r] identified by the monthly GQA monitoring results for the same 
period. The maximum figure of 1.7mg r1 would exceed the benchmark limit (1.3 mg r1) 
as identified for this research in Chapter 4. The mean values obtained for all of the 
parameters identified in Table 7.6, and in all three phases of this research, exceed the 
mean values for the corresponding period and parameter given in the respective 
Environment Agency Water Quality reports (Environment Agency, 1997, 2000 and 
2003). The difference is possibly due to the improved accuracy of monitoring methods 
and is discussed further in Section 7.4.4. 
7.3.2 Conclusions - featured investigations 
During the pre-remediation phase there was a slight improvement in general water 
quality, arising from improved maintenance of the Albany Road structures during the 
period when the Consents to discharge were being reviewed by the Environment 
Agency (Section 3.2). This improvement continued through the post-remediation phase, 
assisted by the decline in manufacturing industry, and proactive pollution prevention 
campaigns in Coventry, and the adoption of environmental management systems by 
most of the major vehicle manufacturers and their suppliers. The latest situation has 
been evaluated further, by monitoring of the River Sherbourne culvert during a dry 
weather period in September 2003, followed by an investigation involving continuous 
monitoring and automated sampling, during wet weather in November 2003. The results 
of these investigations are discussed fully in Sections 7.2.2 and 7.2.3. In this section the 
findings will be compared to those of previous investigations, to identify any further 
improvements following remediation of the Albany Road problem, and the removal of 
the illegal or intermittent discharges identified in Phase 1 of this research. More recent 
continuous monitoring has not been possible following a review of monitoring 
resources in the area, and reprioritisation of workloads, by the Environment Agency. 
a) Storm event, March 2001 (Auto 10) 
The results for the storm event on 15 to 17 March 2001 were analysed for significance 
by undertaking a paired correlation using Spearman's rank correlation, to 95% and 99% 
confidence levels. A summary of the results is given in Table 7.7a) (highly significant 
results) and Table 7.7b) (significant results), detailing the rank correlation between the 
upstream and downstream sites and the specific parameters determined. The results 
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showed a high degree of consistency between the upstream and downstream sites during 
the storm event in the results obtained. 
As detailed in Section 2.3, it was expected that ammonia levels would rise, and DO 
saturation would fall, during a storm as BOD increased showing a 'first flush' effect of 
organic load on the watercourse (Section 2.2.1). On 15 - 17 March 2001 however, 
oxygen levels at both the upstream and downstream sites increased against flow 
significantly (p< 0.01), and ammonia decreased within the same confidence level (p< 
0.01). The results demonstrate that during this event, previously identified problems 
relating to ammonia toxicity and oxygen depletion, may have been reduced by the 
remedial works subsequently undertaken to remove storm-related intermittent pollution 
sources. BOD showed no significant correlation with flow, but with solids, chloride and 
the heavy metals, a highly significant correlation (p<0.01) was identified, possibly 
pointing to particulate association for these determinands (Section 2.2.3). This is 
reflected in the highly significant (p< 0.01) correlation between SS and the heavy 
metals and BOD and the significant (p< 0.05) negative correlation with dissolved solids 
(IDS). The correlation with SS was only significant to 95% confidence levels for 
Chloride, and not significant for total P (p=O.244). 
Total P showed significant correlation with the results for BOD and Cd, with no 
relationship identified for any other determinand. As with previous investigations, pH 
levels fell during storm events and were a reliable indicator of increased river levels 
showing a highly significant (p< 0.01) negative correlation (-0.808) between 
continuously measured pH at both sites and river flow. The relationship between auto-
sampled pH and river flow was less significant (p= O.IS), and probably reflects the 
composite nature of the hourly spot samples against the dynamic IS-minute 
assessments, measured for flow and pH, by the continuous monitors. 
N 
00 
\0 
Table 7.7a) March 2001 storm event Spearman's rank correlations (highly significant results p<O.OI) 
Key to table: red = negative correlation, black = positive correlation. US = upstream of city; DS = downstream of city 
tv 
\0 o 
Table 7.7a) March 2001 storm event Spearman's rank correlations (highly significant results p<0.01) 
Key to table: red = negative correlation, black = positive correlation. US = upstream of city; DS = downstream of city 
DEPTH I VELOCITY FLOW 
N 
'-0 -
Table 7.7b) March 2001 storm event Spearman's rank correlations (Significant results p<0.05) 
Key to table: red = negative correlation, black = positive correlation. US = upstream of city; DS = downstream of city 
NB: all correlations between continuous monitor results and sites were 
Highly significant (S88 Table 6.5a) or showed no significance at all. 
Tot Cr I Tot Cu I Tot Zn 
Highly significant negative correlations (-0.679 to -0.799), between auto-sampled pH 
levels and heavy metal concentrations at Humber Avenue, were repeated for 
continuously monitored pH (both sites), against heavy metal concentrations at Humber 
Avenue (-0.258 to -0.517), and at Meadow Street (-0.445 to -0.53), and the continuous 
pH measurements at the upstream and downstream site were well matched with the auto 
sample results (p<0.01). Lower correlation coefficients for the continuous monitoring 
reflected the greater number of readings taken during the storm event. 
Metal concentrations increased during the storm event as the pH decreased. Levels were 
determined as total metals (not as dissolved metals) during the storm event, and any 
increased solubility of some metals in acid conditions (Johansson et al., 1995; Kalbitz et 
al., 1998) was not therefore, identified in this research. The highly significant 
correlations between SS and the heavy metals would suggest that the metals were 
particle bound. There was no significant correlation found between IDS and heavy 
metals at Humber Avenue. At Humber Avenue Total Cr showed a highly significant 
correlation with IDS at Meadow Street, which may be indicate that the initial soluble 
component possibly present upstream of the city culvert became absorbed onto particles 
during transportation (Hewitt and Rashed, 1992) along the watercourse, or deposited as 
sediment (Charlesworth, 2003). Without total and soluble metals analysis at both sites, 
it is not possible to explore this likelihood further and the mechanism for transportation 
of total Cr is not clear. The general trends as river depth increased during the March 
2001 storm event can be summarised, as shown in Table 7.8. These trends were 
compared to previous results (phase 1 and 2) and against trends identified in the 
September and November 2003 investigations (Tables 7.11 and 7.14) to consider 
(Chapter 8) a general water quality model for storm events in the River Sherbourne 
catchment. 
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Table 7.8. General trends for March 2001 storm event. 
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b) Dry weather investigation September 2003 and November 2003 storm event 
During the dry weather run during September 2003, the results were relatively stable, 
with little variation throughout the monitoring period, as detailed in Section 7.2.2. 
Where small peaks did arise, such as for SS and heavy metals, it was possible to identify 
where relationships between the concentrations of the different parameters were 
demonstrated under dry weather conditions. The rank correlation identified during the 
September dryweather investigation, against upstream and downstream river levels, 
during dryweather are shown in Table 7.9 (highly significant results, p>O.OI) and Table 
7.10) (significant results, p> 0.05) and summarised in Table 7.11. 
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Table 7.9 September 2003 Dry weather highly significant results (p>O.Ol) using Spearman's rank 
"'IUs BOD A TIl OS BOD AlU US C - Org Fill IDS C - Org Fill US COD I OS COD US USPb I DSTON US pHsam lDS pHI 
US BOD AlU mgt-I 0.7971 0.7951 0.7651 0.951 -0775 1 
DS BOD A1U.:l.-..J- 0.797 0.894 0.724 0.766 0.735 
~ 0.724 0.74 KeytoTables7 .9, 7 .10and7.11 : 
us C - Oro;F~ m.u-l 0.795 0.894 0.769 0.801 US =upstream 
DSC-QtxFillmgl-l 0.724 0.716 DS d 
0.724 ~ ownstream 
).846 
US COD .. 02 mgl-i 0.765 0.766 0.769 0.716 0.762 Numbers in red = negative correlation 
DS COD u 02mg1-l Yellow shaded box ~ 1.0 correlation 
!JS~ - Cu ugI:1 0.951 0.735 1.74 ).801 0.762 -0.804 0.808 
US Lead - .. Ph ugH 
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-0751 
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Table 7.9 September 2003 Dry weather highly significant results (p>O.Ol) using Spearman's rank 
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US COD as 02 mgJ-1 0.716 -0.726 0.719 0.719 0.792 0.719 0.719 0.792 DS = downstream 
DS COD .. 02 mgI-l Numbers in red = negative correla.tion 
-0.753 
I Us Copper .. CU ugJ .. l 
US Lead .. as Ph Ul!l-I 
l80, 
).888 0.888 
0.741 
Yellow shaded box = LO correlation 
).9051 0.888 0.8881 0.905 15 ).86 
DS pH (ph uniIs) . 1 _ _ __ J 0 .926 0.858 0.857 
0.85, 0 .818 _ 0.858 
I D~:=!:l"l I I I I I I I I I I f I =J 
DS~""Zntl I ~ t -0.7221 I I I I I I I I I 
Flow US __ Q.~ _ 0.928 .. 1 0.962 0.928 ~ 09. ... 
11Ioww"~ O.S: 
lew! US 
IIeWIUS + .25 
-O7~2 
lew! OS 
leva 
lew 
US contTemp degC 
DS cont Tamp degC 
Qs eontT_ deaC +2 
[Os cont SpCond mScm-l 
DS cont S~nd mScm .. l 
r COnt SpCond US cont DO %set 
DS cont DO "'sat -0.757 -0.729 
-0732 -0.757 
106 cont DO 1MItt-2 J -0732 
[u~-""nt Ammonia mgl-l 1 
[DS contAmmonia mgl-l 
ros cont AmmoniII mgl-1+2 
IUS coni pH (pH Units) 
DS cont pH (pH Units) -01 33 -0.72 
-0.733 
IDS cont pH (pH Unfta)+2 
0.9: 
11 09621 O.928T-~ 0.9621 0.9281 ,- - Q~ll O.S: 
0 .962 0.9: 
0 .928 0.931 
).861 
).933 
).879 
).538 
0.448 
0.552 
_0.86 
0 .853 
).898 
0.832 
0.825 
0.843 
0.799 
0 .869 
0.931 
0.887 
0.538 
0.47, 
0; 
O.! 
O.as 
0.798 
-03851 r .. 03851 0.878! 0.743! 0.6251 0.5061 4394 
0.881 0.747 .. 0 .633 
...Q..874 
0.931 
""O:ii9; 
r.21 
.723 
0.891 
0.878 
0.821 
0.848 
0.818 
0.897 
0.845 
0 .86' 
0: 
o 
'0.898 
0.743 ---o:ss 
0.829 
0.778 
..Q...832 
0.825 
0.843 
.0.799 
~ 
38 
....Q.47, 
0.565 
0.865 
0:1 
0.837 
0.826 
0.87 
).822 
).8741 .. 0 .394 
0.931 
0:8971 -0369 
0 .537 
0.4931 -0642 
0 .615[ -0.611 
0 .884 
0.1 
.{ 
..J 
-C 
0 .8481 .. 0455 
0 .818! .. 0.496 
0.897 -0543 
0 .8451 -0.595 
0.881 
0.74i 
0.633 
.. 0 .509 
-0533 
-039, 
)Al: 
-03, 
-O.~ 
-:0:51 
-05E 
).8831 0 .751 
0.8831 0 .885 
0.7511 0.885 
-OA09 
-0.168 
. -0524 
-:0:522 
-051 
-0 .549 
- .. -0-
-0.494 
·0401 
-0.536 
~ 
...:<1..468 
0.434 
-0 .551 
-O~1. 
-O41~ 
-0.53, 
-0.48 
-0419 
0.49 
-0518 
-0.455 
:19 
0 .845 
6 
Q,9!;4_ 
0.974 
0.625 
),46, 
57. 
0.923 
0.75, 
0.872 
).89 
IV 
\0 
0\ 
Table 7.9 September 2003 Dry weather highly significant results (p>O.Ol) using Spearman's rank 
OS coni Tem 2 USconlSC DScontSC DScontSC+2 US contDO DScontOO ,- ., 1- ~')..:...'-r!' OScontDO+2 
0.789 0.884 0.779 0.856 0.842 0.832 
0.763 0.749 0.907 0.745 0.851 0.752 
0.851 0.763 0.749 0.907 0.823 
0.801 0.758 0.903 0.773 0.692 0.78 0.847 
Key to Tables 7.9, 7 .10 and 7.11 : 
0.716 0.762 0.762 0.753 0.762 0.753 
US =upstream 
DS = downstream 
0.776 Numbers in red = negative correlatiOll 0.713 0.783 0.965 0.66 0.667 0.902 0.881 
Yellow shaded box - 1.0 correlation 
-0625 -0.727 
-0.727 
0.74 0.794 
0.657 0.785 0.759 0.71 0.857 0.857 0 .71 0.657 0.857 
0.857 0.857 0.759 0.71 0.857 0.71 0.857 
-0 .757 -0732 
-0.729 -0757 -0732 
Flow US 0.879 0.536 0.448 0.552 0.66 0.853 0.698 0.743 0.85 0.829 
ftowus+.25 0.887 0.536 0.477 0.565 0.665 0.887 0.906 0.737 0.875 0.854 
fIowUS+ .5 0.697 0.537 0.493 0.615 0.884 0.906 0.921 0.723 0.691 0.878 
Jcyd US 0.879 0.536 0.488 0.552 0.66 0.853 0.698 0.743 0.85 0.829 
IeYeIUS +25 0.687 0.536 0.477 0 .565 0.665 0.887 0.906 0.737 0.875 0.854 
IeYeIUS+.5 0.697 0.537 0.493 0 .615 0.884 0.908 0.921 0.723 0.691 0.678 
IcYaI OS -0 .369 -044 -0842 -0611 -0432 -0414 -0437 -0531 -0563 
IeveIDS-.25 -0 .509 -0.533 -0.397 -0 ,494 -0533 -0.542 
IewIDS-.5 -0409 -0.468 -0524 -0.522 -0512 
lwe10S-.75 -0401 -0,536 -0504 -0468 
IeveIOS-l .0 -0.537 -048 -0419 
UScontTem 0.989 0.825 0,504 0.499 0.627 0.843 0.929 0.611 0.763 0.899 
OScontTem C 0.974 0.652 0.467 0.574 0.688 0.899 0.979 0.677 0.817 0.689 
0.768 0.479 0.536 0.658 0.67 0.96 0.647 0.79 0.906 
DSconIT +2 0.768 0.506 0.51 0.517 0.621 0.426 0.679 
UScontS mScm-l 0.479 0.506 0.536 0.405 0.452 0.505 0.492 0.481 
OScontS mScm-l 0 .536 0536 0.571 0.575 0.844 0.744 0.768 0.659 
0.856 0.51 0.405 0.571 0.851 0 .66 0 .72 0.826 0.855 
DSconI mScm-l+2 0.67 0.517 0.452 0.575 0.651 0.896 0.726 0.846 0.679 
US coni DO %sat 0.96 0.621 0.505 0.844 0.86 0.698 0.687 0.626 0.895 
OS coni DO %sat 0.847 0.744 0.72 0.726 0.687 0.905 0.756 
0.79 0.426 0.492 0.788 0.826 0.846 0.826 0.905 0.902 
OS coni 00,....2 0.906 0.679 0.481 0.659 0.855 0.879 0.895 0.756 0.902 
US coni Ammonia 1-1 0.843 0.698 0.558 0.469 0.758 0.764 0.844 0.434 0.718 0.844 
OS contAmmonia m 1-1 0.515 0.622 
-0413 
0.971 0.835 0.541 0.514 0.799 0.824 0.92 0.621 0.756 0.882 
0.726 0.385 0.764 0.765 0.796 0.767 0.967 0.965 0.85 
0.866 0.555 0.51 0.733 0.847 0.875 0.673 0.827 0.966 0.962 
os coni UniIIl 2 0.926 0.776 0.52 0.614 0.804 0.652 0.912 0.683 0.623 0.964 
tv 
\0 
...J 
Table 7.9 September 2003 Dry weather highly significant results (p>O.Ol) using Spearman's rank 
""I US contNH3N os cont NH3N DScontN-l3N+2 us contpH os cont pH DScontlll-l+2 
f US BOD ATU--;;;;t:1 0.861 0.819 0.754 
f OS BOD ATU--;;;;t:1 0.769 0 .722 
0.825 0.769 
US C • On> Fill moi-I 0.827 0.871 0.79 
f OS c · On> Fih moI·1 
Key to Tables 7.9, 7.10 and 7.11: 
USCOO .. 02moi-l US'9Ipstream 0.765 0.737 
os COD .. 02~ DS = downstream 
us Coooer. C Numbers in red a negative correlation 0.723 0.919 0.874 0.816 
US Lead ... Pb um:1 Yellow shaded box - t .O correlation 
DSNOxidiood.9!:L....l -C.723 
_ -C .723 
I US oH (oH unital I 0.711 
OS-;;-Ht.;h...... 0.837 0.869 O.Sll 0.86 0.858 
1 0.S21 0.811 0.86 
f DSS~ iIii.lO~scl:"~ill"l~l =========t========:j============t===========j=========~=======t==========4===========+====== r us Zino ... ~ ""'·1 
r DS Zinc · as Zn uoI-l -C .733 
-C 72 -C 733 
Flaw US 0.n8 0.832 0.825 0.843 0.799 
1Iowue+.25 0.798 0.837 0.826 0.87 0.822 
tICIwUS+.5 0.821 0.848 0.818 0.897 0 .845 
...... us o.ns 0.832 0.826 0.843 0 .799 
t.IMIU8 +.25 0.798 0.837 0.826 0.87 0.822 
1MUS+.5 0.821 0.848 0.818 0.897 0.845 
IcwI OS -C 49 -C 513 -C 455 -C496 -C .543 -C 595 
~.25 -C 401 -C 413 -C 378 -C.54 -C .514 -C 564 
~.5 -C 549 -C.5 -C 494 
.75 0.434 -C 551 -C487 -C .418 
~l.o 0.49 -C518 -C455 
US cont TemD deaC 0.845 0.971 0.698 0.85 0.921 
OS cont TemD deaC 0.845 0.923 0.757 0.872 0.89 
0.843 0.971 0.726 0.866 0.928 
fOScont~ +2 0.698 0.515 0.835 0.555 0.n6 
IUScontSoCOndmSem-l 0.558 0.622 0.541 0.385 0.51 0.52 
fOS cont_ seC mScm·l 0.469 0.514 0.764 0.733 0.614 
0.758 0.799 0.785 0.647 0.804 
fOS cont IIIIIcm-l+2 0.764 0.824 0.796 0.875 0.852 
f US coni DO "'MI 1 0.844 0.92 0.767 0.873 0.912 
fos conI DO "'sill 0.434 -C.413 0.821 0.967 0.827 0.683 
0.718 0.756 0.965 0.966 0.823 
I08contoo .... 2 0.844 0.862 0.85 0.962 0 .964 
rUS contAmmonlalilQl-l 0.529 0.465 0.832 0.587 0.815 0 .849 
OS coni Ammonia mal-l 0.529 0.576 0.367 
0.465 0.576 0.518 
08 cont Mtlllonililiilii:·, +2 0.518 
us cont >H IDHUnlts 0.832 0.367 0.695 0.829 0 .938 
rOS conIlii-flDH Unlli) 0.587 0.695 0.903 0.771 
0.815 0.829 0.903 0.895 
f08 cont IH (oH UnIIs\+2 0.849 0.938 0.771 0.895 
Table 7.10 September 2003 Dry weather significant results (p>O.05) using Spearman's rank 
"'!l'W>-::J; USBODATU DSBODAnI USC· OrgFilt DSC.OrgFilt USCr DS-Cr USCOD DSCOD USCU DSCU USPb DSPb _ USTON DSTON 
us BOD AnIma!·1 0.642 
DS BOD ATIJ mgI.1 0.673 ·0682 
0.642 0.677 .0 626 
USC ·On!Filtmal·1 0.582 0.613 
DSC· 'l!Filtmgl·1 0582 0609 0598 
0.673 0609 0.674 
us O1romium -Cr"" ·1 0.649 0.595 
DS OJromium -Cr ·1 0.649 
USCODas02m ·1 0.677 0.674 0.674 .0643 
DS COD .. 02-. ·1 0.596 
0596 
us Copper· CU "",·l 
DS Coooer· Co 1121·1 0613 
0.616 0674 
US Lead·asPbual-I -067 
DSLead-asPb<>gl-1 0.595 
us N OxidlS<d 111ll1.1 -067 
I DS N Oxidised mgl-I .Q 662 -0 662 -0 643 
! -O~ 
us pH (pH un"$ 0.632 0.606 .Q 664 
DS DB (Dh urnts 0639 0.725 0.667 
0657 
us SldSUS@I05CmJd-1 0606 0.652 0612 0.604 0.621 0.67 
DS Sid = lOSC mlll-l 
~~~~ .. ~::::::;;.~::::::::::~::::::::=t::::::::=t::::~~~::::::::::=t:J0[.I73~1~::::=t::::::=t::::~::::::+=::::::~::::+=~~~~~~~~~~~==±===~:t::;;~::~~ US Zino ... · ZnuaI·1 0653 0.671 Key to Tables 7.9, 7. lOand7.11: -0581 -0615 
DSZino-as Znugl-I -0607 US =upstream 
-v b91 -Q bO, .() 00t> DS = downstream 
Fbr tJ8 0 665 Numbers ' red . lati -0 62 
fIc>wus+ 25 0.665 m = negalJve COTTe • on .Q 62 
IIaoo\JS+ 5 0 708 Yellow shaded box = 1.0 correlatloo .(' 685 
IcvtI tJ8 0.665 .Q 62 
IIMeIUS .... 25 0.665 .Q €2 
ieIIeIlJS .... 5 0.708 -0665 
IcvtI DS .() 5'9 
a.os-.25 .0 582 -01'114 
IeWIDS- 5 .() 606 -0 602 
~.75 J "»8 0611 058 
1e\IetOS-10 .Q 64" -06"3 
US coni Temp deoC 0 61 0.66 0.611 
DS cont Temp <lege 0.601 0.606 0.599 0.608 .0 857 
0.691 0.601 0.597 0.599 -0 594 
OS cont Teroo.d8aC ... 2 .0 65 
US cont SpCond mScm-1 0.576 0581 0651 
DScont~mScm-1 0.6 0699 0.644 -0587 
!!I!!IIII!I 0.699 0.644 
os oanISDCOnCI m8cm-1 ... 2 
US coni 00 %sat a 594 a 592 .Q 70F 
DS coni 00 %sat 0675 0.664 0631 0.587 0.621 
0.689 0675 .Q 608 
OS cant 00 %Iat ... 2 0.752 0.869 0661 -l 615 
US coni Ammonia mgl·1 0618 0666 
DS cont Ammonta mgl·1 -0 666 0 679 
C8 coni AmmoniIIII1II 1 +2 
US coni pH (pH Un!IS 0619 0.663 0662 .0 645 
DS cont pH (pH Unrt. 0 658 0.68 0 692 
0.658 
OS coni PH (pH Unft8 2 -0 595 
IV 
10 
00 
Table 7.10 September 2003 Dry weather significant results (p>O.05) using Spearman's rank 
us BOO ATUJllII. 
O~BOOATlImg 
-068: 
us C - OrgFlit mgl-I 
os C - OrgFilt lDI! 
ChromiUlll -Cr ugj-I 
us pH sam I os pllS8111 
).639 
J.632 I 0725 
l.667 
0608 
USSS 
0.608 
0.652 
---0:61 
os ss 
-05681 -0 M6 
uszn 
.Q 691 
~ us II_US +.25 IIe\IeIUS+5 I level OS IIe\IeI OS-.25 IJewI OS-.5 11_ OS- 75 \level OS-1.0 
l.653 
DS Zn Flow us IfIoWu&+ 25 IftowUs+.5 
0665 0.665 _0.708 l .665 ) .665 0.708 
0.731 
~~S:::02::1 I I I I I 060~1 I I I I I I I I I I I I I COO as 02 mal-I 0 621 -OBC 
-0607 
Copper - Cu ugj-I 0.657 -0606 -0579 -058: -0606 -051 -0553 
I :!?~:!:: I I -O66~ 1 .... -r- -r-0, f I 1 I I I I I I I I I I 
os Lead - as Pb ugj. 
-0.614 -0602 J 5e 
US N Oxidi>ed m - -I -0 581 
os N Oxidi>ed IDI! -1 .Q 615 -0 62 -0 5~ -~ 6115 -0 62 -062 - -0 685 I 
o 72 - 689 -0689 r--l 
us pH(JlH uni.. Key to Tables 1.9, 7 . \0 and7.1! : I------i 
OS DR (D uru.. US ""Upstream r-----; 
DS = downstream I------i 
US Sid Sus6:ll I OSC mgl-I 0.608 0.669 . _ . I . I------i 
os SId Sus6ll I OSC mal-I 0606 Numbers ill red - negallve corte atlon 
u"",mc - asZnugj-l r --~- ---r--- 0.669 
os Zinc - as Zn ugj-l 
Flow US 
1l\iiWUS+5 
Imo!US 
li8YeIuS +~ 
1~5 
looelOS 
I~ 
iIMIOS-.75 
MII08-10 
I coot T,,!"'p_c!egC 
I cOrifTemp <leg( 
I cart I81111 ~_ +2 
I cont SpCond mScm--
I coni SP9>r"Lrr,Scm-1 
1mScm-1+2 
US conI 00 %sa 
os corrtDQ "sa 
D6 cont 00 "-1+2 
IUS coot Ammonia mgl-1 
os coni Ammona mg~' • ..... 00I1I_II11II-1+2 [l.JS coot pH (pH Unrts; 
os cont pH (pH Units) 
lQ$~...J!!i IJlH \JniIa}+2 
tv 
\0 
\0 
(l]: 
-061 
.Q f~9 
. -Q641 
-0 e.,s 
..-Q F·, 
-0594 
-06-
-0581 
-0 
..-Q.6CJ 
-0 5~ 
-063" 
1612 
0.625 
0.601 
0.58 
0598 0598 
0598 
1.585 
0.585 
-0615 
-0621 
62' 
Yellow shaded box = 1.0 correlation I------i 
-0628 -0628 -0628 -0628 
-:0 6281 -0593 
-0628 -0593 
-0327 
-0358 
-62i 
-<164 -0 
-0 6181 -0 593 l3T 
-06<81 - -059: -03'>8 -0 
-064 -0 
-0'27 {)3!)8 -032; -0 "''',8 
--:028: --:031" -0 .>3< I -0 283 -----:o3i _ -O.3~ 
-051: -0 
-0627 1 -062 
15'15 .{)s: 
128 
.,( 2!.1P 
595 -0 ~62 
..f1 31 
-0.67: -0163 
-06Of1 .06, 1?9~ 
-05951 -0606 -035f -034, 
---:062: -0339 
-0595 
-<: 
)297 )313 0328 129' 0 .31.3 l.328 -0301 
0346 
-0318 
-0 6J~ 
-0694 -0143 
1 
Table 7.10 September 2003 Dry weather significant results (p>O.OS) using Spearman's rank 
us BOD ATIl mgJ· I 
DSBODATIlq)·1 
usc· IrJIF.llqI·1 
DSC· qFill .... ,1 
US Chronu\In} -e.: ual-l 
os Chroauwn -Cr 1iItd·1 
us COD .. 02 qI·1 
DSCOOa02I111l·1 
us Coo""· Cu lilt ·1 
DS Copper·Cu IIJI·I 
us 1.-1 ... 1'11 ... ·1 
DSI.-I·osPbUj ·1 
us N O""I.Md m ·1 
DS N OxIdded ... ·1 
USoH HurulJ 
DSpH >hUNts 
us Sid Suo! IOSCmal·1 
os Sid . IOSCII8I·1 
us ZInC . IS Zn ugI·1 
OS Zinc· os Zn 1iItd·1 
Flow us 
1IIMuI+.25 
tbIIU8+.11 
!eMUS 
...u8+.2!i 
.......u8+.& 
flr
lMlDS 
DS-. II 
1MI08-1.0 
us coni Temo <leg( 
os coot Temp degC 
:~ 
us coot SpCond mSc:m-1 
os coni SOCond mScm-1 
IDIl 1_1+2 
us coni 00_ 
OSconIOO~ 
DIlcanllX._+2 
US coni Ammorlle maI·1 
OS coni Ammonoa mg~ 1 
DeOtll1t 
US coni IlH 
IS::, 
w 
o o 
1~2_ 
IIlH Units 
[pH Untts 
1IIHu.tt-2 
UScootTemD os conITemD canlT_z us coot sc os coni sc os coni se+2 us coni 00 os coni 00 
061 0691 06 
066 0675 
0664 
0576 0631 
0601 0699 0.594 
0608 0.601 0699 0587 
0581 
0597 
0651 
0599 0644 
0611 0606 0599 0644 0592 
14 
'- • " 5 .'4 . - ~ -'I 
0825 0601 
0612 
0585 0585 0627 
·c . 
., 
, 
0.314 
0314 
031 
0285 
0363 
os coni DC us conINH3N os contNH3N 
0689 0618 
0.675 0689 
0661 
0666 
0679 
.{) '15 
0, 
058 
0598 
0598 
l' 
. 5 
0297 
0313 
0328 
0297 
0.313 
0328 
. , 
031 
Key 10 Tables 7.9. 7.10aod7.11 : 
US "'Upstream 
DS - downstream 
Numbers in red = negative DDtTelation 
Yellow shaded box ~ 1.0 oom:lalion 
---- L . . 
0349 
Table 7.10 September 2003 Dry w!eather significant results (p>0.05) using Spearman's r:ank 
, 
'. DS cont NH3N+2 us con! PH os cont PH os:""t nH+2 
l"SBODATUm .1 0.c19 
I)S BOI) A1U rna ·l 0.663 0658 
0.68 0558 
CSC·CIIlFilt:ng·1 0.662 0692 
OSC,CII!Filt :n ·1 
US CIu'Qrr ium -Cr ",,1·1 
OS Ch::omium -Cr ·1 
CSCOO",02l111!·1 
DSCOOas02", ·1 
u> Copper • Cu UJ! ·1 
OS CODOCI" Cu 110 .1 
CSLeed·a,Pb.,.·1 
DS Load· as Pb,,!!·1 -D628 
US 1\ o,.jdJ"d m ·1 
OS N Oxidised rna ·1 -0645 -D595 
-064 -0633 
us pH H W'llts 
Os pH "'units 
0,5:38 
US SldSu IOSC_·I 
DS Sid Sus( lOse"",]·! 0621 
-0621 
US Zinc· os Zn ""'·1 
DS Zinc· .. Zn ugl· l -0694 
. 109,! 
Flow US 
fIO!NUS+25 
f....u8+5 
1.,..1 US 
IeveI'JS +.25 
Jeo.<eI'JS+5 
1eI .. I DS 
IeveIDS· 25 
_DS· 5 0348 -0318 
kNeiDS·.7!: 
Jeo.<eIOS·1 C -D343 
LIS corr. Teml> de<JC 
OS corr. Ten1Pde<~ 
OS corr: TBIl1C' ~lC +2 0363 
US corr. S.Cend -n-<:.cm-l 0.2·35 
OS corr. ScCend -nScm·l Key to Tables 7.9, 1.10 and 7. 1 ) : 
LIS =up~1r.am 
OS corr. S Cenci 111:()1!1,"2 DS ~ do"nstream 
US corr: DO %sat Numbers ill rlOCl = negative- correlatioo 
OS corr: DO %sat -0348 
Yellow shaded box = 1.0 oorr.lation 
OS corr: DO ", .. 1+2 
LIS con: Ammon", mgl·l 
OS corr. Ammonia m kt 0349 
OS carr: Am"","", ~ 1+2 .Q 313 
US con: PH (pH Un~s 
OS corr. pH (pH ~'nit. -313 
OS corr:~tDH .... )+2 
...... 
During the dryweather run in September 2003, all parameters maintained constant 
levels, with a slight increase at the start of the run possibly due to disturbed solids 
during installation or the effects of a pre-investigation discharge. Readings for SC, 
temperature, Zn, Cu, Cr, SS and TON were higher at Humber Avenue downstream of 
the city, indicating some impact remaining from the culverted watercourses feeding to 
the River Sherbourne, with the possibility of misconnected sewerage systems or illegal 
trade effluent discharges. Concentrations for Pb and COD were the same at both sites as 
detailed in Section 7.2.2, and measurements for pH, BOD, COD and DO were higher at 
Meadow Street, upstream of the city. The river level at Kingsbury A venue decreased 
very slightly from 86.662 m AOD, with no increases due to local inputs identified. 
The slight decrease in depth over time allowed analysis of the data using Speannan's 
rank correlation test, to determine any significant (>0.05) or highly significant (>0.01) 
correlations between the parameters as shown in Table 7.9. This analysis allowed a 
series of trends to be identified for the dry weather events based only on significant and 
highly significant results. The overall trends at each monitoring site against river depth 
during the dryweather investigation, are summarised in Table 7.11: 
Table 7.11 Trends during September dryweather investigation. 
Key: t increase l decrease (highly significant) - no correlation with other variables i l significant results 
n r:n 0 (") n I '0 0 0 tJ:j 0 n ..., (1) 
ffi 
0 ,..., 
n '"C N n '0 p ~ ::s r:n 0 OCI 0 0 r:n c: cr- ::l .... ::z:: !* tl ~ 0 Z (") 0 '" '0 ;:;' ::s g ::z:: ~ c.. + 
US ~ [f] ~ ~ ~ ~ [f] • [f] [f] III ~ ~ III ~ 
DS ~ 111 III • • III • i • III III ~ i ~ i 
The results for Pb, Zn, NlLt + N, SS and Cr all showed a marked decrease at the 
beginning of the investigation, and Zn concentration increased at Humber Avenue 
during the monitoring period, contrary to the steady decrease in river depth The 
parameters that did not show any correlation with river level may still have showed a 
high correlation with each other, (such as Zn and Pb (highly significant at p>O.OI) at 
Meadow Street), as shown in Table 7.9. The highly significant correlations (p>O.OI) 
shown between Cu and the data for depth, BOD, filtered Organic C and COD, may 
indicate that the Cu was in soluble form, and associated with organic matter. No 
correlation with SS was identified, and no other metals demonstrated a relationship with 
BOD or filtered Organic-c. 
During the dryweather monitoring period, sites at Meadow Street and Humber Avenue, 
upstream and downstream of the city centre, were sampled and monitored. These results 
can be compared to those obtained at both sites during a storm event in November 2003, 
as described in Section 7.2.3, although the continuous monitor during the November 
2003 storm investigation failed at the downstream (Humber Avenue) site, due to storm 
debris causing blockage or damage to the monitor during the sampling run. 
The relationships for the November storm, determined by rank correlation using the 
Spearman's test, are summarised in Table 7.12 (highly significant results, p>O.OI) and 
Table 7.13 (significant results, p> 0.05), and key trends for the November storm are 
summarised in Table 7.14. These trends are compared to those identified for the March 
2001 and September 2003 investigations in Table 7.15. 
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NoY '!!lJJ5yl;lL1'l°r&'s£~'Dss~rm sywta~!l~ F~m~ ,;gpjfisppt Jsac'J~ g'!J'iI,U2ps&'W~a&'Yrap '§ ts,tJS~PDPJJC 
US Bob ATU mlOl-1 .918" ~-~ .763" - i ---T .857'· 1 -- - 1 .932" , ,872"· 
.921" .863" .977" 
, _1 ·905" 
US C - an. Fdt lTIIIl-I ·i~--li---+---~---1Ii-,'::':93""'0·:-:'·-+I --:. 8-:-:08:-:-•• :---II---".8""19""'··-+1--.-J-~:"-+1 -.""'66""""9" --
os c- .740" 
US Chromium -Cr ugl 
OS Chromium -Cr uod-I 
JSCOD~ 
DSCOO .. 02lT111l· 
.763" ,S300' 
.857" .921" 
.932" I .863" 
.872'.-' .977" 
.789" 
.669*' .815" I .66: 
.90S" 
72~ 
,76: 
.975" 
.815" 
.662" .899" ,727" .762" 
.879" 
0.722" 
.722" .771" .876" 
.S79·· 
71" ,825'-' 
.876'· ,S2S" 
.70S" .845" 
.975" 
.708" 
,845" 
USCu 
737" 
.862" 
DSCu 
.800" 
,916" 
.822" 
.941" .708" 
.724" .965" 
,692" 
.902" 
us Copper . Cu ugl-I ,737'· ,862" 0.941 0.724 ,735" 
OS 
DSLead-asPbugl-1 .84I··J~r:::== .800" I .938" ,776"~ 
US N OxidiJcd mlll- .755" I .923" .960" 
OS N Oxidiscd 
.692" 
762' 
.812" 
.965" 
.938" 
794' 
USPb DSPb 
.662" .841" 
,965" 
.900" .960" 
.800" 
.782" .755" 
.938" 
.956" .m·· 
.748" .776" 
0,9S 
-.878" 0.938 
,956" 
.695·' .695" 
794·' 
_.768" 
- DS Sid Su8@"lOSC..:!.-J- .861" .951" .771·· .829" .881" ,946" .837" I .925" 
~ .944" .719" .791" .938" .802" I ,912" 
US Zinc - as zn ugl- l I .851'· .938·' .871'· .692" .911" .701" 
DSZinc-asZo~ ____ L ~879~ ,929·· .862" .761" .978" ,758" .889" .748" ,969" 
.916*' .832" .973" .&61" 
~ __ :::J-=-- j--]--_ uT nL ____ - __ -I _ 7()O' 
RJinfaIJ -1 
-O . 63~ 
I"\oW US - -- .{).648 .723" 
fIowuo".2S ,693'. .715" Key to Tables 7.9, 7.10 and 7. 11 : 
IIowUS+.S .713" .689" US =upstream 
IcYeI US -<HH8 .123" DS = downstream 
IowIUS +.25 ,693" .7IS·· Numbers in red = negative correlation 
IowIUS+.S .713' .689" Yellow shaded box = 1.0 correlation 
IcYeI OS .{).674 .691" 
1o>ooIDS-. 
US oonl Temp degC 
US COllI SuCond mScm 
US conI DO %".1 
US conI Ammonia mgl-l 
US conI pH (PH Units) 
.960*' .934'· 
_.824" .85S" 
.691' .692" 
~ .. .766" .717" 
,885' 
.724·· 
.938'· 
.962" .923" 
.687" 
.687" 
-0.675 
w 
o 
VI 
I 
I 
Table 7. l2 Novemhfl r storm event 2003 
NclVItIXm 2 US TON os TON US pH 
USBOOATUrDIl \ 733" 
OSBOOA~~ 
US C - OrR Fill -I 
OS C - Ora FiIt-", 
.692" .709" 
US Cadmium - Cd UQ)-1 
OS Cadmium - Cd 1181-1 
US Chromium -Cr ugl-I .794" 
OS Chromium -Cr."I!!-1 .671· 
US COD .. 02 mgl-l 692"'· .762-· 
os coo .. 02 mgl-l 
US Copper - Cu ugl-I .794'" 
OS Copper - Cu ugJ-I 
US Lead - as Pb ugl-\ .69S·~ .794·" 
OS Lead - as Pb lIal-l 
US N Oxidited maI-! .873" .725" 
OS N 0>ddiIc:d~ .873" .940·· 
.725" .940·· 
US pH (pH uniD 
os JlH pbunita) .733" 
USSldS~ IOSCmaH I 794" 89."~· 812" 
OSSldS ..... \OSC~ 714,n 731' 
US zmc -as Zn -;;g/-1 
OS Zinc - .. Zn ugJ-\ 671" . 
RaInfall 703~ + 
RaInfall-I .740' 741" 
1UiaU11-2 .762" 827·· 
flow US .842' . 960"' 863' 
fIowuo+.2S 823" 961'" 902" 
fIowUS+.S .777" 9~" .949·· 
IcwI US 842"'· 960' 8630 • 
IcwIUS +,2S .82]'" ..11 . 902"· 
1cwIUS+.S .77'" 950 ' 949" 
IcwIOS .8s8··'· 990- JI6' • 
1cwIDS-.2S .87' . 1. (ltJ .940- -
JcwIDS-.S 793" 9"'1'~· .%2'" 
1cwIDS-.7S '16' . 9~2' . 973" 
1ftdI>S.1.0 701'" m 989·· 
US coot Temp degC -0762 
US conI SpCond mScm-\ 
US coni DO %saI 789" 802" 
US conI Anunonio mal-I -C. 703 
US coot pH (pH UniDt .m·· .911'· .877" 
hil!hlv ~i 
OS-pH 
798" 
746 ... • 
808" 
.762" 
.866·' 
846" 
735·' 
694" 769'· 
.776*" 
732" 
.804" 70S" 
768'" 
.733" 
72('· 759' . 
821' .644·· 
789' . 
.61;" 
~~ rank CUJT -'illtion· (Soearman's tes' t) (0)( .on 
USSS DSSS usZn DSZn RantiJI I RAirWII-\ 1WIf1ll-2 Flow US 1Jowua+.25 f1owUS+.S 
.718" .861" 0.879 
.951" 0.929 
.944·· 0.916 
.851" -0688 
.780" 
-0.7 69.1" 71 ~ ... 
.938" 
.771" 0.862 
719" 0.832 
.871" 0.761 
.829"' .692" 0.978 
.791" 0.973 
.812" .881" 0.758 0.723 .715" .689"' 
.946·· 0.889 
.9380' 0.861 
.911" 0.748 
.837·· .701·· 0.969 
.802" 0.962 
.771" .687" 
.925" 0.938 
.912" 0.923 
794" -0.842 
893" .714" -0.74 -0762 -0.96 
.812" 731" -0703 -0743 -0827 -0.863 -0.902 -0.949 
-0671 
.726' ..().82\ 
.759" -0789 .m·· 0.709 0.747 0.869 .884" .881" .m·· 0.824 0.714 .693" .682·· 
0.786 
0.719 
.824·· .719" 
.786" 
.709" 0.79 .803" .791" 
.747" 0.691 .747" .758" 
.869" .714" 0.79 0.691 .949" .916" 
0.884 0.693 Key to Tables 7.9, 7. JO and 7.11 : 0.803 0.747 0.949 .951" 
0.881 0.682 0.791 0.758 0.916 .951" 1.000·· 
.869·· .714·· 
US =upstream 
0.79 0.691 I .949·· .916" 
0.884 0.639 DS = downstream 0.803 0.747 0.949 1.000" .951" 
.881·· .682·· Numbers in red = negative correlation 0.791 0.758 0.916 .951" 1.000·· 
.874" .739·· YeUow shaded box = LO correlation 0.689 0.7n 0.942 .936" .923·· 
.893·· .714" 0.74 0.762 0.935 .924*· .914·· 
.880" .754" 0.711 0.813 0.924 .914" .907" 
.880·· .741·· 0.722 0.804 0.914 .90S·· .90S·· 
.851" .705" 0.736 0.806 0.909 .905" .902·· 
0.425 .440"' .424·· 
0.842 -057 572" 559' 
0.675 0.797 0.777 .789·' .797" 
0.573 .573·· .568·· 
_ -O88? .(l.805 -0.864 .885'" 920" 
w 
o 
~ 
T~hlp 7_12 Novpmhpr dorm pvpnt 2003 hif7hlv si~nifieant rank eorrelations (Snearman's test) (n>·O~Ol' 
HoY atonn highly sign!I!cant 3 I IcwI US !i@Us .... 2' IoYcIUS+3C 1Mf15S- I1e\6DS-:'isf 'bcIDs-.5 IIcYeIDS-.7sf 1cMIDS-1.0 I us coiillCrDp I us conl sc I US cont 00 [OS conl NIDfll US coni pH 
r 
r 
r 
US BOD A TV ms!-l 
::::::!~: I I I I I I I I I .960·· I 824<· I 
OS <> QrgFj1tl1l&l-L _ _ L L _ IJ ________ L .934·· 855· ' 
~93"1- ~fi}·· _.692·· .808·· .885·· 
US Cadmium-Cdu;d:\ l' ,.------ -- - .766" 
OS Cadmium - CdUiif-1 I Key toTables 7 .9, 7 .IOWld7.ll : 
US =upstream 
US Chromium -<:r UIIl-1 OS = downstream 
OS Chromium -<:rllII\-1 Numbers in red ~ negative correlation 
YeUow shaded box = 1.0 correlation 
us COD as 02 mgl-l ] 0.723 .715" .689" 0.69\ .692·' 
OS COD as 02 mgl-1 
us Copper - cU uj;j:.i 
OS Copper - CU ugI-1 
US Lead - as Pb ugH .687·· 
~Lead - as Pb ugI-1 
US N_OXidi!ed rngl.1 ..(J . 8~2 
OS N_~--"'l!l:l -0.96 
~_-O.902 I .{).949 
{jS pH (pH units) 
DSpH(ph_llllitat 
.(I.8S8 
.(199 
'{)916 
-o . ~: 
813" 
II_J'J· 
.9~"· 
..I!1J •• 
~ 
962·~ 
736~·_ 
952-'" 
_,97}"· 
.701·' 
~ 
989" 
.717·· 
.724·· 
2!2:.. 
.802·· 
.762·· 
.---us Sid Su.o@105C mgI-
DS SldSu!@l~ 
0.869 0.874 
_0.714 0.739 
.893" 
_ .114·· 
.8800' 
.754·· 
.880" 
.741·· 
.851" 
.705·· 
us Zinc - as-Zn ugH 
DS Zinc - as ZlI-IIgI-f 
0. 8~2 
taial 
Iiafa 0.79 .803" I .791·' 0.689 .740" I" .722·· .738·· .675·' 
IiaUi ).691 .747'· I .758·· .o.m .762" .813" .804" .806·' .797·· 
low' .949" I ~._" .924" .914"_ .909·· ~4~~ 570·· .777" 
Iowuo+. 0.949 .l-0Il0"~ [ .951" 
o.§; .935·' 
.914·' .4400' S72"'· .789" ).9: .m·· 908·· 005*" 
OowUS+.5 0.916 .911·· 1~QQ9·· _~J~. 2·· .424·· 559' .797·· Icvd US _.949·. I .916'· ).9: .914" .924~ 905·· 914·· 9·· .425·· 570·' .777·· ).9 .935·· 
~S +.2S 0.949 _.951" ).9: .924·· _.914·· )8·· 5'· -,440·· 572·· .789·· 
.914·· 1cvdUS+.5 .0.916 .951" .907·' )5" ,2·· . 559·' .797'· 
Icvd OS 0.iJ42 .936" I .923" 
).9 
.988·· .963" ~ .. ,3·· .424·· .612· ___ .793" 
........,!'I-,~ 0.935 .924" I .914·' 0.988 _.9.8S·· ,3·· .933·· 6]8·· .813·· 
~. 5 924 .914·' I .907'· 0.96: .988·· ts·· .962'· . 614~ ' · .J!~7'· 
-lMIDS-.75 .908·· I .905'· 0.934 .963·· _.98S·· .987·· .3SS'· .6(H·" _.833·· 
1cvcIDS-1.O .905·· I .902·· 0.903 .933" .962·' .987·· .389'· 591 .833·· 
us cnnI Temp dcg( .440·· I .424·· .3SS·· .389"· 
US e<>nt SpCond mScm-1 .{) 572"· 559'· ..iU.Z. _618' • _614' - . 826~ • 
us COllI IX> %sat 0.777 _.7S~'· I .797" 0.793 .813·'- .827·· 
601' _5~t· ' 
.833" .833" 826'· 
us conl AnIrnonU mgl-1 0.573 .573·· I .568·· 0.573 .573" .571" .S?)·· .573··- ~S73 •• 
us conl pH (pH UniIII) ~81r1 '185 ' .9211°' ~ . 89 1 874' ~ _ &.10"* .823' _.§16·· S\~ 
.{I 7U3 
.513" 
.573·· 
-:568" 
.573" 
~5i3" 
.568·· 
.573" 
.573·· 
.571·· 
.573·· 
.573" 
.573·· 
_516' 
675·· 
.8J3 •• _ 
.911·· 
.87J·" 
.(1.88: 
80S" 
8M·· 
.{J.885 
.(),92. 
~61.'-'._ 
-0.885 
---229' 
891 
_.874"· 
860 ... • 
840-· 
82 . .v 
).616 
.(1814 
-0516 
w 
o 
-..] 
Ta ble 7. 13 Novemher storl1l1 ever It 2003 . .... rank ('0 
A B C I Q J E 1 F 
1 New stann .aanmcant 1 US BOO OS BOO OSC-org F 
2 US BOD ATU mgl-I I I 
3 DS BOD ATU mgl-! 
4 Key to Tables 7.9, 7 .10 and 7 .11 : 
5 1 usc -OrgFiltmgl-l US =upstream 
6J DS C - Org Fill mgt-I DS = downstream 
7 Nwnbers in red = negative 
8 I us Cadmium - Cd u~I-1 correlation 0.575 
9 I DS Cadmium - Cd ugl-l 
10 
11 I US Chromium -Cr uld-I I .591- .555- .634' 
121 DS Chromium -Cr ugl-l I 
13 
14t US COD .. 02 mid-I J 
151 DSCOD"02~
16 
17J USC~-Cuu -I I .611' .597' .653-
18t DS~-CuuIlI-I 
19 
20 I US Lead - .. Pb ugl-I .548' 
21] DS Lead - AI Pb ugl-! 
22 
231 US N Oxidiscd mgl- I 
241 DS N Oxidiscd mgt-I . 55~" 567' .613-
25 564" 
261 US pH (pH unilJl) 643' 
Z, DS pH (ph URiIJl 
28 675' 
29J US Sid Sus@105Cmgl-1 .648' 
301 DS Sid Sua(Q)I05C mgt-I I 
31 
321 US Zinc - .. Zn ugl-l I .626-
331 DS Zinc - .. Zn ugl-I I 
34 
35 R8iIIfaII 
36 IWDDJI-I .683- .629' 
37 1WDDJ1-2 5&4' .635' 
38 Flow US .553- .576- .596" .MS· 
39 fJowuo+.2S .6H' 
40 flowUS+.5 590' 
41 Iew:IUS .553- .576- 596' 64S' 
42 Iew:IUS +.25 .614' 
43 Iew:IUS+.5 590-
44 lave! OS .569- .599* .581' .674' 
45 1ew:1DS-.25 .553' .567- .613' 
46 1ew:1DS-.5 .542- .611' 591 .670' 
47 1ove1DS-.75 .594- 574' .659' 
46 1ew:1D8-1.0 .550' 560" .676" 
49 US coni Temv de~ 
50 US ooot SpCood mScm-1 
51 US cont DO 0/ ... 1 
52 US coni Ammonia mgl-I .609- ,559" .628-
53 US oont pH (pH Unilo) .5S3- .683-
54 
.1. . (Snearman'~ ted) (n>o.OS) 
t G H 1 I J J K 1 L I f.t N l 0 1 P Q 1 R 1 S T 1 u 1 v 
US Cd OS Cd USer oSCr US COO OS COO USCu OSCu US Pb OSPb US TON 
.591- .611-
.555- .597- .548-
.634- .653' 
.575-
.581- .5SI" 
.582- .582' 
.535- .5S6- .563' 
.581- .543-
.578-
.626· 
.535' .57S· .617' 
.617' .601' 
.5SI· 
.582' .5S6· .543-
.563' .601-
.626" 
.554 .660' 556' 
599* 591' 586 560' 
549' .629' . 6~1- 640- 610' .640' 
561' 542-
560" .627- 674- .60S-
.629* .624' .576' 
.631" 
.561" 
.552' 
.5SI· .550-
.618' .574- 591' 
.628' 
.576- .572- .569' 
.639-
.576- .572- .569' 
.639-
.593- .62S- .612' 
.554' .660- .556' 
.555' .657- .607' .603- .604-
.548' .640' .603" .640- .565' 
.609' .56S· .603' 
.603' .627' 
.63S" 
.559' .560' .629* .60S· .6OS- .627- .608- .608- .628- .608' .608' .627- .608- .60S- .627- .608* I 
623 I 
I 
30 
w 
o 
\0 
Tab le 7. l3 November storn event 200: 
AO AP AQ 
1 Nov storm signiflcant3 level US evelUS +.2 
2 US BOD ATU mgl-l 
3 DSBODATU~ 
4 
51 us C - Org Fill mgl-I I 
6 I os C - OrR FiJI mJd-1 596- 614" 
7 .64S· 
8 I us Cadmium - Cd ugl-l I 
9 I os Cadmium - Cd uaI-1 I 
10 
111 us Chromium -Cr ugl-I I 
12 J os Chromium -Cr ugl-I I 
13 
141 us COD as 02 mgl-I I 
151 os COD as 02 mgt-I I 0.57S 
16 
17 I us Copper - Cu ugl-l I 
181 os Copper - Cu ugl-l I 
19 
201 US Lead - .. Pb u/(1-1 .572" 0.639 
211 DS Lead - .. Pb ugl-I I .569-
22 
231 us N Oxidiscd mal-) I 
241 os N Oxidiscd mgl-I I 
25 
261 us pH (pH units) 54" 559' 
2~ DS pH (ph units 6.·6 
28 
29J US Sid Suo@\05C mgl-l 
301 os Sid . 05C mal-l 1 
31 
321 us Zinc - as Zn ugl-t I 
331 DS Zinc - as Zn uat-I I 
34 
35 Rainfall .570· 
36 Rainfoll -I 
37 Rainfoll -2 
38 Flow US 
39 tlowus+.2S 
40 fIowUS+.5 
41 \cvcl US 
42 lovcIUS + .2S 
43 levcIUS+.S 
44 level OS 
45 IcvclDS-.25 
46 \cvc1DS-.5 
47 levelD8-. " 
48 IevcIDS-1.0 
49 us coni Temp dcgC 
50 US oont SpCond mScm-l 
51 US coni DO 0/ .... 1 
52 us cont Ammonia mgl-I 
53 US coni pH (pH Unib) 
54 
sil!ni '= 
AR p.s 
leveIUS+.5 iovelDS 
.590" 581' 
.674' 
0.593 
.62S" 
.61 2" 
5S0' 549· 
.547" 
0.306 
rank c [}rrela ~iuu!'i (; ~near1l1an's teat) In>1 LOS) 
AT AU AV AW AX A'V AZ BA BB BC 
levcIDS-.~ leveIDS-.5 \C\'cIDS-.7 IcvcIDS-LO US cool Temp US cont SC us oonl DO ScontNH3 US coot pH 
.553· 542' .609-
.567' .611 · .594· .550- .559* 
.62S· 
.613' .591" .574" .560 .5S3· 
.670' 659* 676' 0.6S3 
.559' 
.555" .54S- 5 60-
.629-
.603- .60S-
.60S" 
.627" 
.657- .640" .609- .60S- .623 t 
.554" .607" .603" .56S- .6OS-
.628-
.627- .60S-
.60S" 
.627-
.660" .603' .640- .603' .60S" 
.556" .604" .565" .60S" 
.627· 
.635· 608" 
.582" 60~' 
627' 
549' .629* 
.6SJ' 631 563 545· .561· 
593- .593' 656" 
.634- .60S-
.60S· .561 
.610- .6SI" .676· .627-
SlS' .60S· 
.60S· 
.627· 
.547· .584" .563' .599" 
.630· 
628' 
Key to Tables 7.9, 7.10 and 7.11 : 
I-
I-
US =upstream r-
DS = downstream I-
Numbers in red = negative correlation r-.306· e-
.305' Yellow shaded box = 1.0 correlation I-
.322· 
.305· .322· .192· 316-
.292· 
116' 
Table 7.14 Summary of Spearman' s rank correlations against river level during 
November storm event. 
Key: i increase 1 decrease (highly significant) • no correlation i 1 significant results - no data 
-. (J tl (J e. I 0 ffi - OJ 0 (J =:!l ..., 0 ..., i 
..., 
(J "t:1 N ~ en 
~ en ';t. ::s US ~ § 
OQ 0 ~ 3 
,. 0 
~ tl t: 
c:r t:l en (J + Z results '"!=' en Z "0 ff '" ::t ..., 8' 
Rain 
til i ttl til til til til [11 ttl i i ttl ttl i rIJ til rII -lhr 
Rain 
IJ i IJ t i til i til ttl i i IJ [II i IJ t til -2br 
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The results for the storm event in November 2003 showed that upstream and 
downstream of the city centre, the SS, BOD, COD and ammonium increased with an 
increase in river level, as shown in table 4.17, but there was no significant correlation, 
using Spearman' s rank correlation analysis, between river level and the heavy metals 
identified, other than Pb. The heavy metals all show a peak concentration during the 
initial rainfall period before river levels rose significantly, which may be associated with 
a first flush effect relating to streets dusts being deposited in the watercourse (Figure 
2.2,from Charlesworth and Lees, 1999), or sediment-related heavy metals being flushed 
through drainage systems and the culverted watercourses, (Deletic, 1998), particularly 
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as levels are greater for Zn, Cu, Pb and Cr at Humber Avenue downstream of the city. 
Lead is particle-associated (Lundberg et al., 1999), and mostly found in sediment 
deposits (Charlesworth and Lees, 1999). The increase in concentration identified with an 
increase in river level and SS later in the event, could be due to sediment disturbance as 
a result of turbulent flows in the culverted river channel (Borchardt and Sperling, 1997). 
Secondary peaks for heavy metals were lower for the following continuous rainfall and 
peak rainfall periods, as shown in Figures 7.33 to 7.37. The heavy metals generally 
showed a highly significant correlation (p>0.01) with each other, (Table 7.11), and 
BOD, and highly significant negative correlations with pH. Only Cd showed a highly 
significant correlation (when using Spearman's rank correlation analysis), with filtered 
Organic C, indicating that the metal was probably present in soluble form. This 
compares with the findings of Hares and Ward (1999) and Lundberg et al., (1999). 
Only Pb had a highly significant correlation with SS (correlation coefficient, 0.77 at 
Meadow Street and 0.912 at Humber Avenue) indicating that it was probably associated 
with particulate matter, as discussed above. The pH value and SC concentration dropped 
at both sites with increased flow, and DO saturation at Meadow Street increased, as in 
the March 2001 event. The relative reduction in heavy metals generated during the 
storm events following remediation indicates that the trade eftluent content component 
has possibly decreased as a result of the removal of the combined sewer overflows, the 
reduction in manufacturing industry in the city and improvements in environmental 
management at industrial and commercial sites. Possible sources for the pollutants 
remaining (objective 5), will be discussed in consideration of a water quality model for 
the catchment during storm events, in Chapter 8. A comparison between the September 
dryweather investigation and November storm event is given in Appendix 10, and in 
Figures 7.42 (a-p) for Meadow Street, and Figures 7.43 (a-j), for Humber Avenue. 
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Figures 7.42 (a-p) Meadow Street September dry weather against November storm 
comparison 2003 
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Figures 7.43 (a-j) Humber Avenue September dry weather against November 
storm comparison 2003 
(sampled results only - no continuous monitor results recorded) 
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Results for ~ +(N), Ni and a-P were below detection levels at Meadow Street and 
Humber Avenue, during the September dry weather and November storm events. The 
graphs allow a comparison of concentrations or values for each parameter, to identify 
the potential impact of a storm event at each site. Continuous monitor results cannot be 
compared, as a result of failure of the monitor at Humber Avenue. 
The November storm event demonstrated an increase in Cd, Pb, Zn, Cu and Cr upstream 
and downstream of the city when compared to the September dryweather investigation, 
and the Humber Avenue (downstream) site gave consistently higher concentrations, 
indicating that the pollutants were entering the culverted section downstream of the 
upstream Meadow Street sampling point. Concentrations for Zn, Cu, Pb and Cr 
downstream of the city during dryweather were also generally higher than at Meadow 
Street, but to a lesser extent, as shown in Table 7.15: 
Table 7.15 Comparison of maximum concentrations and trends, upstream and 
downstream of city during dry weather and storm investigations 2003. 
Tot o-p BOD DO SS NH. pH 
mgr l mgr
l 
% mgl·
1 mgr l 
Site sa In 
Meadow 12.5 96.5 4.69 0.36 8.1 
Street 
13 55.43 0.08 7.9 
Humber 1.34 0 ND 12.4 1.38 3.7 77.3 4.31 0.36 7.61 
Avenue 
24.6 0.25 ND 122.9 4.16 ND 16.9 103.07 7.9 
i i i ~ i i ~ H i i ~ !i 
Key: i increase ~ decrease ~ i decrease upstream, increase downstream, +-+ no change 
ND non-detected, Tot Total 
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As discussed in Section 7.4 the only heavy metal reported in sufficient quantity to 
present a potential risk to fish species from the 2003 investigations in the River 
Sherbourne, was Cu, although the concentrations measured in this research were for 
total Cu, and the environmental quality standard (List n substances) for annual average 
Cu concentration (10 ~g rl) in freshwater (DOE Circular 7/89) relates to the dissolved 
fraction. 
7.3.3 Current Pollution levels in the River Sherbourne- Comparisons with 
previous data and published literature 
Pollution in the form of sanitary determinands (BOD, Nf4 ~ and ortho-P) showed 
decreased levels during the 2003 storm event (Section7.2.3), and the 00 saturation 
levels increased when compared to previous data. This is a marked improvement in 
comparison to the measurements recorded during Phase 2 and the early post-remediation 
phase (Phase 3), as shown in Tables 7.6 and 7.16. This may mean that occasional storm 
discharges, as a result of the single remaining high-level storm-relief outfall on the 
Albany Road drainage system, or intermittent domestic or industrial discharge, have less 
impact on the watercourse, with only short-term implications for ecological status. 
However, as Fundamental Intermittent Standards (Section 7.3.1) are still breached in the 
culverted watercourse for dissolved oxygen (table 2.12), any resident cyprinid fish 
would still be at risk of mortality, or suffer a reduction in the ability to maintain viable 
fish populations (Klein, 1972). Fundamental Intermittent Standards for ammonium 
(table 2.13) were met, with total ammonium levels below the guidelines for non-ionised 
ammonia. A comparison of water quality results for each Phase is made in Chapter 8, in 
consideration of objectives 3 and 5. 
I 
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Table 7.16 Comparison of mean values for some sanitary determinands (phases 2 
and 3), and heavy metals for Phase 3 featured events in 2001 and 2003. 
Featured 
event 
Earlyda1a 
March 2001 storm 
event 
September 2003 
dryweather event 
November 2003 
storm event 
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The pollutant concentrations recorded in this research are comparable to urban runoff 
values measured by Laws (1993), as discussed in Section 2.2.1, and are considerably 
lower than mean concentrations identified for residential and commercial source areas 
by Bannerman et al. (1993) as given in Table 2.2, and discussed in Chapter 2. Laws 
(1993) identified reasonable values (table 2.1) for BOD, SS and total P values that can 
be compared against the values recorded for post remedial featured storms, as given in 
table 7.16. The Coventry data exceeded the 227 mg rl value suggested for SS, with 
maximum concentrations of 365 mg rl and 255 mg rl respectively, for the Humber 
Road site during the storms in March 2001 and November 2003. The values for 
Meadow Street were all below the suggested values. Ortho-phosphate concentrations 
were also higher than Laws' suggested values (Laws, 1993) for total P, though it should 
be noted that the higher levels (1 mg rl) were maintained through dry weather in the 
September 2003 investigation, and were still considerably lower than the value 
suggested for raw sewage (10 mg rl). It is likely therefore, since levels for a-P are 
identical upstream and downstream of the city, that nutrient sources including P, are 
predominantly entering the River Sherbourne system above the city; arising from non-
point (Section 2.11) agricultural sources, or by discharge from private sewage treatment 
plants to the Pickford Brook, as discussed in Section 3.3. The downstream maximum 
values for BOD in the River Sherbourne were lower (at 1l.5 mg rl and 16.9 mg rl) for 
the 2001 and 2003 storm events, than the 'reasonable' values suggested by Laws (1993) 
at 17 mg rl. Mean values for Humber Avenue reached 5.04 and 8.03 respectively. 
All results for the River Sherbourne were in the same order of the EMC calculations of 
Lee and Bang (2000) as identified in table 2.3. The event mean concentrations 
calculated for the River Sherbourne catchment during the November storm event are 
given in Section 7.4a. The downstream level monitor at Whitley is a level only monitor 
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and no flow gauging has been carried out to date at this site (2006). The runoff could not 
therefore be calculated as a difference between the upstream and downstream flow 
monitoring points. All calculations therefore take the total river flow entering the culvert 
as pollutant volume. 
a) Event Mean Concentrations (EMC) November 2003 storm event 
Event Mean Concentrations for the November 2003 sanitary determinands can be 
calculated according to the method used by Lee and Bang, (2000) and Brezonik and 
Stadelmann (2002), as discussed in Section 2.1: 
EMC is defined as the pollutant load divided by the total runoff volume and is 
represented as: EMC (mg rl) = IOi Ci (total load) 
IQi (total runoff volume) 
(Where Qi = water volume (1) and Ci = concentration of pollutant mg rl.) 
The results are given in Table 7.17: 
Table 7.17 Event Mean Concentrations for November 2003 storm event 
Parameter Humber Parameter Humber 
(mg rl) Meadow Street Avenue (~8 rl) Meadow Street Avenue 
(exCCDt pH) 
BOD 5.16 7.41 Cd 0.12 0.23 
COD 60.21 89.28 Zn 42.49 94.03 
NRs"'N 0 0 Cr 1.76 3.73 
C-Org.Filt. 4.2 4.56 Cu 10.65 22.54 
TON 2.33 1.82 Pb 12.33 24.54 
a-P 0 0 Ni 0 0 
SS 84.49 110.0 pH 7.9 7.93 
The BOD result for the R. Sherbourne was lower than EMC values for BOD found at 
nine sites by Lee et al., (2000) in residential or industrial areas during 34 storm events in 
Korea (Section 2.2.1), but concentrations for COD, TON and Pb were all greater than 
the Korean findings (Table 2.3). This possibly reflects the position that, with the 
removal of significant sewage contamination on the River Sherbourne, other pollutant 
sources, such as urban runoff, agricultural land drainage and vehicle emissions 
contribute a major component of the current polluting load. Each site monitored for 
urban runoff is site specific (EPA, 1983), and the type of urban land-use plays an 
important role in determining environmental impact (Mulcahy, 1990). The River 
Sherbourne has a complex mixture of agricultural, residential, highway and industrial 
areas draining to it, as discussed in Section 3.2, and shows a different pollutant profile to 
the specific residential and industrial areas studied in Korea by Lee et ai., (2000), with 
all parameters giving significantly lower results than mean values identified for 
residential and commercial areas, by Bannerman et al. (1993). 
The results for Humber Avenue show that the culverted watercourses draining to the 
River Sherbourne are still having an impact on the level of pollutants downstream, but 
the levels are well within guideline or mandatory values for the EC Freshwater Fish 
Directive (78/659IEEC), as given in table 2.10. The relatively high mean BOD 
concentrations, particularly at Humber Avenue during the storm event, are a matter of 
concern, as they are only just within UK derogated values, but would fall outside 
guideline values for cyprinid fisheries under the Directive. 
bl Cumulative curves and fint flush phenomena 
The Event Mean Concentration gives an indication of the average concentration for each 
parameter, taking into account river flows during the storm event. Where flows are 
available, a graph of cumulative pollutant mass against cumulative volume can be made, 
as shown in Figure 7.44: 
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Figure 7.44 Plot of cumulative BOD mass against cumulative river flow at Meadow 
Street and Humber Avenue during November storm event 
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The increase in concentration for BOD at both sites during the initial sporadic rainfall 
period, with a minimal increase in river flow, resulted in cumulative mass BOD values 
above the linear growth line initially, with a reduced impact during the peak rainfall 
period. The results were not normalised against other events (Lee et aI. , 2004) as only 
one storm event was investigated during 2003, to represent the current position. 
Sansalone and Buchberger (1997) suggested that if a cumulative mass curve is plotted 
for an event that exceeds the cumulative runoff volume curve, a first flush effect has 
been demonstrated (Section 2.2.1). If cumulative mass for BOD in the River Sherbourne 
at Meadow Street and Humber Avenue is plotted on the same graph as cumulative river 
flow, the cumulative mass curve initially exceeds the cumulative river flow curve at 
both sites, as shown in Figure 7.45. This positive result, based on concentration values 
alone, appears to demonstrate that a first flush of pollutant had occurred during the 
November 2003 storm event. During the peak rainfall period following the initia1 
sporadic rain, the peak concentrations for each parameter were reduced. 
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The higher concentrations identified, downstream of the city at Humber Avenue, in table 
7.17 and Figure 7.45 suggest that the source of the pollutants may have been as a result 
street dusts being washed off impervious areas (Mulcahy, 1990; Bannerman et aI, 1993; 
Choe et al., 2002; Charlesworth and Lees, 1999) within the inner city area, as shown in 
Figure 2.2, but could also have arisen from deposited pollutants undergoing 
transfonnation and transport during the stonn event, in the drainage systems (Deletic, 
1998) and culverted watercourses feeding to the River Sherbourne in the culverted city 
centre Section (Figure 4.5). 
Figure 7.45 Cumulative mass curves for BOD, river flow and rainfall, 
at Meadow Street and Humber Avenue during the November 2003 storm event. 
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As discussed in Section 2.2.1, and shown in Figure 2.1 (from Laws, 1993), Choe et al., 
(2002) identified that the concentrations of most pollutants in urban runoff increased 
with runoff at an early stage of rainfall, and that peak concentrations were reached prior 
to peak runoff, at most sampling sites. This phenomenon is reported to be more 
important when the watershed is small and contains mostly impervious surfaces (Lee 
and Bang, 2000), as is the case with drainage to the culverted stretch of the River 
Sherbourne. This is demonstrated for the November storm event by the fact that local 
rainfall and pollutant concentrations peaked before river levels increased markedly, as 
shown in Figure 7.46. 
Figure 7.46 Comparison of BOD concentration against River Flow and rainfall for 
November storm event 2003 (Humber Avenue) 
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The first flush effect is explained by the fact that local surface runoff of the pollutant 
stored on the road surface, or local drainage system precedes the main runoff flow (Lee 
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and Bang, 2000). Figure 7.46 shows an almost identical result to those identified by 
Choe et al., (2002), as shown in Figure 2.1. A similar pollutant concentration profile 
was determined for most other parameters monitored, including heavy metals, and at 
both sites, as shown in Section 7.2.3 and Appendix 9. 
Figures 7.45 and 7.5 also identify that during the November storm event, the BOD load 
in the river was distributed across the rainfall event as shown in table 7.18. 
Table 7.18: Distribution of river BOD loadings - November 2003 storm 
Percentage of rainfall Percentage of river BOD Percentage of river BOD 
during event (%) Meadow Street (%) Humber Avenue (%) 
10 17 21 
25 25 29 
30 28 33 
50 34 41 
When Lee et al.,(2004) studied 24 summer rainfall events over 2 wet seasons in 
California (Section 2.2.1), they concluded that less than 10% of the rainfall gave rise to 
the greatest concentration of pollutants. In the Coventry November 2003 investigation, 
10% of rainfall produced 17% of river BOD loading at Meadow Street, and 21% at 
Humber Avenue. Peak concentration values for BOD and many other parameters 
(Section 7.2.3) were achieved within the first 10% (1-2mm) of rainfall, as shown in 
Figure 7.46. Saget et 01., (1995) suggested that first flush occurs when 80% of the 
pollutant load is delivered in the first 30% of runoff volmne. In the November storm 
event only 28% of river BOD load at Meadow Street and 33% of the river BOD at 
Humber Avenue was recorded, although studies on the volume and concentration of the 
runoff component specifically, may meet the definition Saget et 01., (1995), and further 
research is suggested. Nevertheless, the concentration peaks for most parameters were 
identified during the initial rainfall period and exceeded in each case (Section 7.2.3) 
concentration peaks recorded during the subsequent heavy rainfall. 
7.3.4 Sampling frequencies 
The first hypothesis, in Section 1.4, suggests that occasional spot sampling of 
watercourses, as carried out under the General Quality Assessment monitoring scheme 
(Section 2.4.2) does not give a true picture of the variability of water quality in an urban 
watercourse such as the River Sowe catchment, and that intermittent discharges in an 
inner city environment could be missed. It further suggests that the use of continuous 
monitors can give an accurate representation of quality, and assist in the detection and 
removal of the polluting intermittent sources. Arising from this hypothesis, objective 4 
(Section 1.5) determines the optimum sampling frequency for assessing water quality. 
The success, or otherwise, of this research in meeting objecting 4 in testing this 
hypothesis, is discussed in Chapter 8. 
As discussed in Section 2.4.2, the frequency of sampling controlled waters (Water 
Resources Act, 1991) by the regulatory bodies is under constant review, and has been 
periodically reduced as an efficiency measure. Savings made currently may well be 
targeted towards future monitoring needs, on a more holistic basis, for the Water 
Framework Directive, as discussed in Section 2.6. 
As a measure of whether reductions in sampling frequency in a catchment susceptible to 
urban runoff can cause significant errors in an assessment of water quality, the data used 
for statistical analysis recorded from the storm event monitored in November 2003, was 
sequentially reduced and analysed (Tables 7.18 and 7.19), to determine whether mean, 
median, 95 percentile, 90 percentile, 10 percentile and S percentile results differed 
significantly, when the number of results (n) was reduced. The values were identified as 
being key indicators of quality standards, for measurements (Environment Agency, 
2003) carried out by regulatory bodies under the existing legislation, as detailed in 
Section 2.4. 
The tables identify that assessment and reporting of sanitary determinands and heavy 
metals results can change markedly when the number of measurements is reduced, with 
some determinands measured in the November 2003 storm event, affected more than 
others. The values for continuously monitored ammonium were particularly affecte<L 
with mean, median. 95 and 90 percentile figures are all reduced from 0.88 mg rl (mean) 
and 0.1 mg rl (others) to 0 mg rl. The results for upstream and downstream BOD were 
changed markedly when reducing 14 samples to 1, during the single storm event. 
Upstream and downstream mean values of 4.76 mg rl and 8.04 mg rl respectively, were 
reduced to 2.85 mg rl, and more significantly, the 90 percentile values, which are used 
for defining river class under the GQA scheme (Section2.4.2), were reduced from 7.86 
mg rl and 15.82 mg rl respectively, to just 2.85 mg rl. If routine GQA samples results 
were as variable as this, due to intermittent discharges or sampled storm events, and 
were similarly reduced in number with the same effect, the classification for the sampled 
watercourse would change from Bad (below Class E), to Good (Class B). 
Heavy metals results are similarly affected, with mean Pb results for Meadow Street and 
Humber Avenue reduced from 10.71 mg rl and 24.98 mg rl respectively, to 0.79 mg rl 
and 2.94 mg r1, after reducing the number of samples from 14 to 1 during a single storm 
event. The Humber Avenue 95 percentile value for Zn, as used in the River Ecosystem 
(RE) Classification system (table 2.9), was reduced by the same order, from 226 mg rl 
to 22.9 mg rl. The 5 percentile value for pH as used in the RE classification system as a 
lower limit, was increased for continuous monitoring, from 7.39 to 7.75 when reducing 
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Table 7.19 Summary Table showing impact of reducing number of results (n) on quality reporting.November 2003 storm. 
number of US NH4+N IUS NH4+~DS NH4+~US BOD IDS BOD IUS DO . IUS pH IUS pH IDS pH US SS IDS SS I US ortho-P OS ortho-P 
samplel monitor mg 1-1 img 1-1 img 1-1 !mg 1-1 img 1-1 i% saturatlo~ i ! mg 1-1 img 1-1 img 1-1 mg 1-1 
results (n) continuous Isampled Isampled lsampled lsampJed lcontinuous lcontinuou~sampled lsampled sampled lsampled lsampled sampled 
Mean 14/56 0.88 <0.5 <0.5 4.76 8.04 108.14 7.62 1 7.914 7.921 55.43 103.07 <0.5 <0.5 
14/14 0.086 <0.5 <0.5 4.76 8.04 107.67 7.63 7.914 7.921 55.43 103.07 <0.5 -
5 0.08 <0.5 <0.5 4.56 7.54 108.42 7.63 7.92 7.92 61 .2 94.6 <0.5 <0.5 --
3 0.67 <0.5 <0.5 4.47 6.61 108.87 7.6 7.933 7.933 64.33 98 .67 <0.5 <0.5 - -
1 0 <0.5 ' 2.85 9 4 <0.5 <0.5 <0.5 2.85 103.7 7.75 8 8.1 
Median 14/56 0.1 <o.~ <0.5 4.47 7.37 107.4 7.65 79t 7.9 50 '~1- 81 <0.5 <0.5 14/14 f--- 1--' <cf.5 - - <0.5 0.1 <0.5 <ost 4.76 8.04 f--106.5 7.66 1 .9 7 .~_2Q.5 _ ~1 5 r-- <0.5 f- 7.9 - - <0.5 -- <0.5 0.1 0.5 4.~ 6.58 105.3f 7~. 7.9 52 73 --- --- - - . 
<0.51 . <0.5 7.9 - 7.9 _ 4t - <0.51 3 0.1 3.87 5.07 105.3 7.64 . _ 4i .... <0.5 -- . <0.5 <0.5 1 0 <0.5 '"'"'<0.5 2.85 2.85 103.7 - - 7.75 . "8 - 8.1 9 4 
95 e..ercentile 14/56 0.1 <0.5 <0.5 9.03 16.9 117.145 7.75 8 8.1 143 255 <0.5 <0.5 --
14/14 0.1 <0.5 <0.5 9.03 16.9 117.6 7.75 8 8.1 143 255 <0.5 <0.5 - -
5 0.1 <0.51 <0.5 6.69 11 .9 117.6 7.75 8 8.1 143 243 <0.5 <0.5 
3 0.1 <0.5 <0.5 6.69 11 .9 117.6 7.75 8 8.1 143 243 <0.5 <0.5 
1 0 <0.5 <0.5 2.85 2.85 103.7 7.75 8 8.1 9 4 <0.5 ~ 
~centile 14/56 0.1 <0.5 <0.51 7.86 15.82 116.7 7.75 8 8.1 116.5 249 <0.5 <0.5 
14/14 0.1 <0.5 <0.5 1 7.86 15.82 117.2 7.75 8 8.1 116.5 249 <0.5 <0.5 
~ --
243 <0.5 <0.5 5 0.1 <0.5 <0.5 6.69 11 .9 117.6 1 7.75 8 8.1 143 .- ---- --
<0.5 243 <0.5 <0.5 3 0.1 <0.5 6.89 11 .9 117.6 7.75 8 8.1 143 --
1 0 <0.5 <0.5 2.85 2.85 103.7 7.75 8 8.1 9 4 <0.5 <0.5 
~ercenlile 14/56 0 <0.5 <0.5 2.85 2.85 99.2 7.42 7.85 7.8 6.5 6.5 <0.5 <0.5 
14/14 0 <0.5 <0.5 2.85 2.85 97.8 7.41 7.85 7.8 6.5 6.5 1 <0.5 <0.5 r---
5 0 <0.5 <0.5 9 4 <0.5 <0.5 2.85 2.85 101 .7 7.42 7.9 7.8 
3 0 <0.5 <0.5 2.85 2.85 103.7 7.42 7.9 7.8 9 4 <0.5 <0.5 -
1 0 <0.5 2.85 .... 9 4 <0.5 <0.5 <0.5 2.85 103.7 7.75 8 8.1 
~ercentile 14/56 0 <0.5 <0.5 2.85 2.85 96.57 7.39 7.8 7.8 4 4 <0.5 <0.5 
14/14 
I-
0 <0.5 <0.5 2.85 2.85 7.8 7.8 4 4 <0.5 <0.5 96 7.4 
f----
5 0 <0.5 <0.5 7.8 9 4 <0.5 <0.5 2.85 2.85 101 .7 7.42 7.9 -- --
3 0 <0.5 <0.5 2.85 2.85 103.7 7.42 7.9 7.8 9 4 <0.5 <0.5 
1 0 <0.5 <0.5 2.85 2.85 103.7 7.75 8 8.1 - 9 4 - <0.5 <0.5 
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Table 7.20 Summary Table showing impact of reducing number of results (n) on quality reporting.November 2003 storm. 
number of USCd OS Cd IUS Cr IDSCr !USCU DSCu US Pb OS Pb US Zn DSZn US Ni OS Ni 
sample ~9 1-1 ~g 1-1 IlJg 1-1 1~9 1-1 I jJ91-1 jJg 1-1 jJ9 1-1 jJ9 1-1 ~9 1-1 iJ9 1-1 iJ9 1-1 I-Ig 1-1 
results (n) sampled sampledlsampledlsampled isampled sampled sampled sampled sampled sampled sampled sampled 
Mean 14 0.155 0.243 1.75 4.16 10.65 24.98 10.71 24.65 51.24 122.9 <5 <5 .. -
5 0.121 0.279 1.65 3.67 9.59 23.94 9.67 22.91 44.02 126.2 <5 <5 
3 0.117 0.228 1.433 3.71 7.96 20.01 8.197 19.81 34 .8 110.63 <5 <5 
1 0.1 0 .1 
.. 
0.5 
.. 
1.54 2.61 4.93 0.792 2.94 11 .3 22.9 <5 <5 
Median 14 0.12 0.527 1.78 4.41 11.4 28.2 11 .85 28.6 47.7 128 <5 <5 
5 0.008 0.324 1.75 3.49 1'1.4 21.7 11.8 19.2 45 .6 116 <5 <51 
3 0.104 0.219 1.7 3.62 9.36 21.7 11.7 19.2 36.5 116 <5 <51 -_. 
1 0.1 0.1 0.5 1.54 2.61 4.93 0.792 2.94 11 .3 22.9 <5 <5 
95 percentile 14 0.1 0.1 2.94 6.71 18.2 44.6 19.5 41 .5 107 226 <5 <5 
5 0.148 0.389 2.19 6.71 12.7 40.4 12.1 37.3 70 .1 216 <5 <5 
3 0.148 0.1 2.1 5.98 11.9 33.4 12.1 37.3 56.6 193 <5 <5 
1 0.1 0.1 0.5 1.54 2.61 4.93 0.792 2.94 11 .3 22.9 <5 <51 
05 J2ercentile 14 0.45 0.389 0.5 1.36 2.5 4.19 0.767 1.67 10.2 19.1 <5 <5 
5 0.1 0.1 0.5 1.36 2.61 4.93 0.792 2.94 11 .3 22 .9 <5 <5 
3 0.1 0.365 0.5 1.54 2.61 4.93 0.792 2.94 11 .3 22 .9 <5 <5, 
1 0.1 0.1 0.5 1.54 2.61 4.93 0.792 2.94 11 .3 22.9 <5 <5 
Key to Tables 7.18 and 7.19 : US upstream OS downstream ~iDgle result ! 
- --- - .. -
readings from 56 to 1, and for sampling from 7.8 to 8.1, when reducing samples from 14 
to 1. These pH results have no impact on RE potential in this case, but in a poor quality 
urban stream; a reduction in sampling frequency could be significant in meeting the 
appropriate criteria for pH. 
Another significant impact on results identified in Table 7.19 is for SS; when n=I, the 
sample, randomly chosen by sequential reduction of results, reports the SS concentration 
as 9 mg rl, upstream of the city centre and 4 mg rl downstream of the city centre, 
whereas, ifn= 14, the results for upstream of the city are less than downstream, with 90 
percentiles of 116.5 mg rl and 249 mg r1 respectively. The inference, using the reduced 
sampling frequency, that the upstream site was more polluted during the storm event is 
totally false, as can be demonstrated when the full range of samples for SS are analysed, 
and when the results for the other parameters are examined, in Appendix 9. 
Table 7.19 also demonstrates that continuously measured parameters such as ammonium 
and pH results give slightly different results, when compared to sample results for this 
storm event, with 56 readings being compared to 14 one-hour composites. Ammonium 
concentrations were recorded that were below the level of detection for laboratory 
analysis, therefore giving a more accurate representation of the variability of this 
parameter in storm conditions. The sampled results were all below the detection limit at 
<0.5 mg rl. Statistical analysis of pH results recorded by the continuous monitor 
upstream of the city, indicates that the levels were consistently lower than sample pH. 
This could be due to the more accurate representation of using 56 readings, as discussed 
above, but may also be due to the sample reaching equilibrium (Section 7.2.3) in the 
sample portions during transport to the laboratory, prior to determination of pH. 
In general the higher the number of results for each determinand, the more accurate the 
consideration of overall quality was, and the use of continuous monitors captured 
intennittent discharges (resulting in pollutant peaks), which occasional routine sampling 
(within nonnal 9 to 5 working hours), would not identify. Stonn events (depending on 
when spot samples are taken within them), can significantly affect quality assessment, 
and this should be considered in monitoring areas affected by urban runoff. 
7.4 Summary - Phase 3 
Generally the post-remedial research phase showed an improvement in water quality in 
the River Sherbourne as a result of addressing the Albany Road problem (Section 3.5), 
and removal of a number of misconnections and illegal discharges identified in the 
culverted feeder streams. The use of improved water quality monitors and calibration 
software generally gave a consistently good level of results for the final 17 runs, 
including the 3 featured investigations undertaken in 2003. Problems of vandalism, theft 
and stonn debris still had an impact on some investigations, including the November 
2003 stonn event, but it was generally possible to leave the equipment in place for 
extended periods, with very little resource requirement. 
This methodology (Chapter 4) facilitated a good representation of the impact of many 
rainfall events, with varied intensity and different seasonal components. The degree of 
correlation between parameters investigated in the different runs was much higher in the 
Phase 3 (tables 7.3 to 7.5), with general trends more consistent, as shown in table7.6. 
Where trends were occasionally reversed for specific parameter relationships, the 
diverse nature and magnitude of illegal intermittent trade and domestic discharges into 
the River Sherbourne culvert and feeder drainage systems under the influence of 
seasonal or specific rainfall conditions (Lee et al .• 2004) may have been responsible. For 
example, where pH increased during some storm events at Meadow Street, this may 
have been due to the impact of Albany road esos, which can deliver intermittent trade 
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effluent drainage from a small alkaline pine-stripping operation nearby, to the 
watercourse (Section 3.5). This does not necessarily identify that this method of 
investigation is flawed, as the majority of parameters showed significant results, (with a 
high degree of either positive or negative correlations identified for rainfall events 
during 80% of the runs), but points to the large number of potential pollutants (Novotny 
and Olem, 1974; Ellis, 1989), and flow profiles (Lee and Bang, 2000) that can impact on 
urban drainage, and also to the age, size and complexity of the drainage system covered. 
Other factors such as traffic density, street cleaning frequency and antecedent dry 
periods (which would have different values for each run and season) would also playa 
part in contributing to the variability in the results (Sartor et al., 1974; Ellis, 1979, Van 
Hassel et al., 1980, Hares and Ward, 1999). 
Using Spearman's rank correlation to identify correlation between different parameters, 
and the same parameter at different sites (or under different environmental conditions), 
was very useful in establishing the relationship, ifany, between different pollutants. The 
large number of investigations could then be analysed to check for consistency in the 
results, and identify individual measurements or events that were extraordinary. The 
results identify that even with such a large number of events monitored, the majority of 
investigative runs can show a particular trend in the relationship between two 
parameters, with highly significant results recorded. This information can be used to 
identify how trends have changed over time, according to the nature of pollutants 
entering the River Sherbourne in the Phases 2 and 3 of this research, and suggest a 
model for trends in future storm events (Chapter 8). Such results would not have been 
achievable using traditional sampling methods, at current sampling frequencies, for 
water quality determination under the GQA monitoring scheme (Section 2.4.2). 
Where the number of recorded results obtained for a particular parameter was small, 
perhaps due to concentrations being below the detection level, the correlation 
coefficients are not reliable, and highly significant results can easily be reported during 
statistical analysis. Such varied results were obtained during sampling for Ni, ortho-
phosphate and ammonium levels, but where occasional results were recorded, 
particularly during peak pollutant levels during some storm events, the data is presented 
for comparison, and consideration of potential relationships with other parameters at 
these times. Section 7.3.3 considered pollutant loads in the river and identified that a 
peak in pollutant concentrations ahead of peaking river levels, particularly for BOD and 
most heavy metals, was recorded during the featured storm events for 2001 and 2003. In 
comparison, the dryweather investigation showed no significant pollutant peaks, and 
diurnal rhythm for DO and pH were consistent with expectations for dryweather in a 
river with a high level of algal activity, as shown in Figures 6.3 to 6.7, and Figure 7.3. 
The results were consistent with the findings of other authors (Lee and Bang, 2000; Lee 
et al., (2000); Bannerman et al., 1993; Choe et al. 2002), as discussed in Section 7.3.3, 
and Chapter 8. An examination of the impact of reducing sampling frequencies on water 
quality assessment in Section 7.3.4 identified that the classification of watercourses 
could be significantly affected if the 36 samples, currently used for production of the 3-
year rolling average of results used for GQA monitoring (Environment Agency, 2003), 
as discussed in Section 2.4.2, was reduced further. The use of concentrated multiple 
sampling runs and continuous monitors, gave a good representation of the variability 
and complex nature of urban runoff (Field et al., 1982; Novotny and Olem, 1994; Bang 
et al., 1997; Lee and Bang, 2000; Ellis et ai, 1982), during rainfall events in Coventry. 
The results obtained, though often intermittent or of short duration, sometimes faIl 
outside of the reported water quality data and could explain some aspects of why 
biological assessment is often worse than chemical findings for the same site, as shown 
in Figures 3.5 and 3.6. Toxicological standards, such as the Fundamental Intermittent 
Standards (FRICL 0002. FWR, 1994), described in Section 2.5.1, are better addressed 
using targeted intensive monitoring during rainfall events in urban areas using this 
methodology. 
Chapter 8 will discuss the findings of this research in relation to the Hypotheses 
suggested in Section 1.4, and the five objectives identified in Section 1.5. A simple 
model for the River Sherbourne to identify likely trends for different pollutants during a 
storm event will be presented, and likely pollutant sources, implications for the future 
and suggested future research, will be considered. 
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Chapter 8. Interpretation and discussion of the results 
Introduction 
This chapter summarises research findings related to the 3 phases of investigation 
identified in Section 4.2, the three hypotheses suggested in Section 1.4 and the 5 
objectives outlined in Section 1.5. It will assess whether the use of continuous monitors is 
an efficient and cost effective method for determining the presence of intermittent illegal 
discharges in open watercourses (Section 8.1.2) and in the less conventional research area 
of culverts and surface water systems suspected to be contaminated by industrial and 
domestic misconnections (Section 8.1.1). Section 8.1.3 considers whether traditional 
methods of water quality assessment give results that are representative of the water 
quality of the River Sherbourne, or whether the use of continuous monitors will present a 
more accurate picture. 
In the process of undertaking this research, continuous monitoring and discrete sample 
analysis determined the pollutants present in the River Sheroourne, and a comparison was 
made of urban storm and dry weather conditions, at monitoring points upstream and 
downstream of the culverted city centre watercourse over a nwnber of years. Initial 
quality findings and improvements (or otherwise) in the water quality of the River Sowe 
catchment, following proactive monitoring and enforcement as a result of this research, 
are considered with respect to the objectives given. 
Possible somces of the contaminants remaining are outlined in Section 8.2. The original 
hypotheses, as given in Section 1.4, are tested in Section 8.3. Future pollution problems, 
monitoring regimes, and suggestions for further research and water quality assessment, are 
considered in Section 8.4. 
8.1 Summary in relation to research Aims and Objectives 
This research was carried out in three phases, and the results, with respect to the aims 
and objectives identified in Chapter 1, are discussed as follows: 
8.1.1 Phase 1 Investigation into the River Sherbourne and River Sowe culverts. 
This section outlines the findings of the identification and investigation of 
polluted underground drainage systems contaminated by intermittent and illegal 
industrial and domestic discharges. This research will address pollutant inputs to 
the culverts of the River Sowe catchment, which would not have been 
specifically identified by monitoring upstream and downstream of the culverted 
River Sherbourne during Phase 2. This was achieved by the introduction of 
continuous monitors into the minor river culverts and extensive surface water 
drainage systems. Objectives 1 and 2 are considered (Section 1.5). 
8.1.2 Phase 2 Investigation of the River Sherbourne before remediation of the storm 
overflow problem at Albany Road. 
This section discusses the determination of river water quality in the culverted 
section of the River Sherbourne impacted by six unsatisfactory combined sewer 
overflows at Albany Road, upstream of the culverted stretch. Objectives 1 and 2 
and 3 are considered (Section 1.5). 
8.1.3 Phase 3, Post remedial data collection. October 2000 to November 2003 
The determination of river water quality in the River Sherbourne following 
remediation of the combined sewer overflow problem at Albany Road (phase 2), 
and intermittent pollution problems in the feeder culverts and surface drainage 
systems, investigated in Phase 1. Objectives 3, 4 and 5 (Section 1.5) are 
considered. The three hypotheses (Section 1.4) are tested in Section 8.3. 
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8.1.1 Phase 1 Investigation into the River Sherbourne and River Sowe culverts 
The fIrst phase involved the use of continuous monitors to identifY which culverts and 
surface water systems were most at risk of contamination. The investigation met two 
research objectives, 1 and 2, as detailed below. 
Objective 1 
To investigate the nature and impact of storm water runoff from the City of Coventry 
and River Sherbourne and River Sowe catchments and identify the sewerage systems 
which can contribute to a marked deterioration in receiving waters following storm 
events. 
The aims of objective 1 were met during this early phase by the use of the continuous 
monitors, which proved very successful in identifying which culverts were subject to 
major pollution problems. The early investigation work in open watercourses across the 
city of CoventIy, and subsequently in the extensive system of culverted watercourses, 
led to the removal of a significant number of illegal foul sewer overflows, industrial and 
commercial discharges, and misconnections from domestic foul sewer systems, as 
discussed in Chapter 5. The use of continuous monitors, placed in surface water drainage 
systems and small culverted watercourses, gave an insight into the variability of water 
quality in urban drainage systems. By revealing specific areas of contamination, the 
research not only reduced the manpower required to investigate the problem, but 
actually made the process of discharge identification and removal on such an extensive 
system viable to the extent that the Drainage Authority and Water Company could assist 
on demand, without extraordinary funding or resource allocation. 
The monitoring determined that where a drainage system was unpolluted by 
misconnections and illegal trade effiuents, there was generally a consistent quality, in 
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excess of GQA class C (Environment Agency, 1997), as discussed in Section 2.4.2, with 
only minor peaks in conductivity and ammonium levels arising from road runoff and the 
discharge of road gulleys in the immediate vicinity. This methodology (Figure 4.1) 
allowed an initial assessment of all of the smaller watercourses and culverts draining to 
the Rivers Sowe and Sherbourne, discounting the majority from further intensive 
monitoring, so as to concentrate on the priority areas, in terms of unknown pollution 
sources, and intermittent contamination Whether a specific catchment was investigated 
further using continuous monitors was dependent on whether the quality data showed 
contaminants present, and that they were significant enough to identify the location and 
nature of a specific source (Section 4.3). 
The determinands monitored in Phase 1 of the study to show the presence of organic 
contamination were ammonium (total ammonia), 00 saturatio~ pH and specific 
conductivity. These parameters were chosen because they are important indicators of 
water pollution (Environment Agency, 2003; Kle~ 1972; Tebbutt, 1977), used in the 
General Quality Assessment (GQA) programme (Environment Agency, 2(03), as 
discussed in Sections 2.4.2, 3.3 and Table 2.7. These parameters were compared during 
rainfall periods, and in culverts showing physical signs of contamination (solids, faeces, 
paper etc.), against outfall and river channel concentrations reported during periods of dry 
weather as a benchmark, and against water quality criteria and recorded routine GQA data 
(Environment Agency WIMS data records, 1996 - 2(03). 
Generally it was found that a foul sewer overflow discharging to a culverted watercourse 
gave rise to an increase in ammonia concentration (Kle~ 1972; Montague and Luker, 
1994) and specific conductivity, and a decrease in pH and 00 saturation (Maso~ 1996; 
Gromaire el ai.. 200 1) as discussed in Section 2.3.1. The pH did rise in some instances 
(Appendix 3.7); particularly when the source of sewage contamination was continuous, or 
close to the monitoring point, and contained cleaning chemicals, alkaline industrial 
effluents or domestic wastewater. The observations followed expectations based on 
previous routine monitoring (Appendix 4) and literature reviews (Mason, 1996; Klein, 
1972; WRclUC, 2973, 1998; Murrell et ai., 1998), with ammonium concentrations of up 
to 18 mg rl, 36 mg rl and 17 mg rl, recorded in the Swan Lane, Springfield Brook and 
Hall Brook culverts respectively. 
The results from continuous monitoring gave a clearer indication of the location of 
intermittent discharges within the drainage systems, and the severity of pollution, in 
terms of the maximum and mean concentrations involved and the duration of the 
discharges, as discussed in Section 5.2.4. Identifying ammonium peaks relating to 
rainfall events and as regular peaks during dry weather in the results consistently led to 
the discovery of illegal misconnections, storm overflows, and trade effluent discharges. 
The monitors generally gave consistent results for the same investigation run at different 
locations, as demonstrated in Appendices 1,2 and 3, and trends during rainfall events, 
(such as a decrease in pH), were repeated in later observations on the River Sherbourne 
culvert in Phases 2 and 3. In summary, the use of continuous monitors in an enclosed 
environment (by an experienced operator, well versed in calibration and maintenance of 
the equipment), can be very successful in identifying the presence and location of 
intermittent and hidden pollution sources, which can then be verified by using drain 
tracers and CCTV for removal from the drainage system. Such intensive investigations 
subsequently lead to an improvement in water quality, in the receiving watercourse. 
Objective 2 has been met by this research by the fact that the level of investigation 
required to address the intermittent pollution problem in Coventry's drainage system 
using conventional spot sampling techniques, would not have been financially viable, 
and the data would not have been sufficiently site-specific to enlist the immediate and 
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full cooperation of the drainage authority, in locating and remediating the many 
pollution problems identified. 
Objective 2 
To investigate the use of multiple probe continuous monitors in urban surface water 
drainage systems and culverted watercourses, and determine whether this method can 
be cost-effective in identifying urban runoff problems arising from urban runoff, 
combined sewer overflows and industrial operations. 
The maintenance of continuous monitors became more straightforward by gaining 
familiarity with the deployment, capabilities and limitations of the equipment. The most 
costly replacement item was the ammonium probe, which required renewal every 6 
months (see Section 4.2.2). During the monitoring periods for Phase 1, it was estimated 
that £ 1 0000 per annum was spent on maintaining, replacing and calibrating the 10 
continuous water quality monitors available. These monitors were used for all water 
quality monitoring and investigatory or compliance work required by the Environment 
Agency's Environment Management team, based at Warwick. 
To determine whether the use of continuous monitors can be cost effective in an 
investigation to determine unknown pollution sources the following factors should be 
considered: 
i) Ten continuous water quality monitors cost £10000 per annum for maintenance; 
therefore one monitor costs £1000 for continuous use over a 12-month period. 
ii) The initial cost of purchasing each monitor was not considered in these calculations, 
as each monitor was purchased to determine compliance breaches for permitted 
discharges to watercourse and monitoring water quality trends in open watercourses 
elsewhere. Operational equipment forms part of the 'overheads' component charge 
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in recharging for Environment Agency operations (similarly the cost of purchasing 
and maintaining vehicles used by sampling Officers is excluded from the 
comparison). The current (rechargeable) rate for an Environment Agency Officer's 
time is £75 per hour (Environment Agency Incident Management System, 1995). 
iii) The cost of sanitary analysis (Environment Agency, suite 961) was £34.95 per 
sample at the time of the monitoring exercises during Phase 1. A single investigation 
entailing 12 (hourly) samples using an ISCO automatic sampler cost £419.40 in 
analysis costs alone. In comparison, each reading by a continuous monitor, as shown 
in Table 8.1 (below), costs £0.207. 
iv) The continuous monitors used in this research cannot determine total metal 
concentration, and samples were taken for laboratory analysis. The total cost for 
analysis including total metals, per sample was £45.45. In this research metal 
analysis was requested to identify what pollutants are present during storm events 
(objective 1) and what potential pollution problems remain (objective 5), after 
remedial measures have been undertaken to remove polluting sources (phase 3). 
v) The calibration and installation of a continuous water quality monitor (giving 15-
minute readings for up to 14 days) requires one operative, where Health and Safety 
considerations allow. Installation, (and post-sampling removal) of an automatic 
sampler holding twelve 500ml samples (or more) requires at least 3 operatives. 
vi) A continuous monitor can easily fit into a saloon car for transportation, whilst an 
automatic sampler requires the use of a van or similarly sized vehicle. This enables 
an experienced operative to install or remove monitoring equipment during the 
course of their routine duties. 
A typical Environment Agency investigation into intermittent pollution on the Hall 
Brook would be undertaken with samples at approximately five locations, including 
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upstream of the urban (culverted area) with analysis costs for one set of discrete samples 
at an approximate total cost of £175, plus Officer (1 day) costs of £600. To gain an 
indication of the scale and approximate time period of the suspected discharge, would 
involve the use of an automatic sampler at the outfall taking hourly composite samples 
for a single period of 12 hours with a total cost of £419.40. The total analysis cost would 
therefore amount to around £595 for a single days investigation. The cost of deploying 
three Environment Agency officers to lift manholes for sampling, install and 
subsequently remove the sampling equipment at the outfall, transport the samples for 
collection and complete the sample input forms would approximate to eight hours for 
each officer, at a total cost of £1800 excluding transport costs. The total cost for 
investigating the water quality on the Hall Brook using conventional sampling 
techniques for a period of 12 hours would therefore be in the region of £2400. 
The suspected intermittent discharge may not take place during this time and it is likely 
that a variation in weather conditions would not occur at a convenient time within the 
12-hour period, meaning that the beginning of a storm event could be easily missed 
during the time it takes to mobilise the resources required for the investigation. 
The cost of installing 5 automatic samplers for a period of 12 hours (even if they could 
be installed and collected within 8 hours using 3 officers) to give an in-depth 
representation of the variation in water quality over the course of a day or night would 
be £2097 for sanitaIy analysis, plus £1800 installation costs, totalling £3897. If this level 
of monitoring were maintained each day for 12 hours, for a 14-day period, the total cost 
would be £54,558, which would double to £109,116 for 24-hour coverage. 
Alternatively, to undertake a continuous monitoring run with 5 continuous water quality 
monitors at specific locations in a culverted watercourse or surface water sewer for a 
period of up to two weeks using two Officers (for lifting manholes) costs £1200 
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excluding transport. As discussed previously, a continuous monitor costs the 
Environment Agency £1000 per annum (to maintain in-house, including staff costs). A 
single monitor used for 14 days therefore costs £38.36 per monitor, or a total cost for 5 
monitors of £191.78. The total cost therefore for a 14-day investigation, which gives 
continuous data day and night, and in storm and dry-weather conditions, is £1391.78. 
Table 8.1 summarises the comparative costs of each investigation: 
Table 8.1 Comparative hypothetical costs for sampling and contiDuous mODitoring 
duriDg investigation of surface water sewer! culverted watercourse (5 sites) 
No. of People Equipment Equipment Total No. of Period Comments 
people costs! deployed costs £ costs £ .. , monitored 
A 1 600 5X spot samples Analysis@ 775 5 I off Snapshot at time of 
1 day 175 sampling. Cheap 
B 3 1800 5X spot samples Analysis@ 2400 17 12 hours Some indication of 
+ 12 autosamples 595 1 site time occurring 1 
day 
C 3 1800 5X autosamplers Analysis@ 3897 60 12 hours Area and time 
for 1 day 2097 5 sites identified 1 day 
only 
D 3 25200 5X autosamplers Analysis@ 54558 840 14 days Not practicable for 
for 14 days 29358 @ 12hd-J laboratory or 
5 sites people 
E 6 54400 5X autosamplers Analysis@ 113116 1680 14 days Not practicable for 
for 14 days 58716 @24hd-J laboratory or 
(continuous) 5 sites people 
F 2 1200 5 continuous 191.78 1391.78 6720 14 days Reading every 15 
4hx2d monitors 14 days @24hd-J minutes for period 
5 sites of monitoring 
(at a cost of20.7pence 
per readin&) 
The saving achieved by using continuous monitoring (option F) is therefore £1028.22 
over the reduced level of investigation (option B), and a significant £2505.22 saving 
compared to the use of 5 automatic samplers s1rategically situated in the Hall brook 
Culvert for 12 hours (option C). The saving against a hypothetical investigation, where 5 
auto monitors are employed for 12 hours per day for 14 days (option D), is £53166.22, 
or for 24 hour coverage (option E), £106,332.44. 
This hypothetical exercise demonstrates how cost efficient the use of continuous 
monitors is by experienced operators. The ftnancial savings possible for intensive 
monitoring surveys of urban runoff in an extensive drainage system, or on an open 
watercourse are significant, and fully meet the requirements for objective 2. 
8.1.2 Phase 2 Investigation of the River Sherbourne before remediation of the 
storm overflow problem at Albany Road 
During this phase continuous monitors were placed upstream and downstream of the 
culverted section of the River Sherbourne to determine the impact of six unsatisfactory 
combined sewer overflows situated in Albany Road, as detailed in Section 3.1. The 
quality of the watercourse during storm events, and dry-weather periods, was 
investigated during phase 2 and 3, to determine the contribution to pollution load from 
the city centre drainage systems, which join the culverted watercourse between the 
points monitored. This research also met the aims relating to the first part of objective 1 
as follows, and objective 2. 
Objective 1 
To investigate the nature and impact of storm water runoff from the City of Coventry 
and River Sherbourne and River Sowe catchments and identify the sewerage systems 
which can contribute to a marked deterioration in receiving waters following storm 
events. 
The results of specific early and pre-remedial continuous monitoring investigations are 
discussed in detail in Chapter 5, and represented graphically in Appendices 4 and 5. 
During dry weather investigations, most days, as in the run carried out on 15 March 2000 
(Table 6.2 and Appendix 5.3.1), showed no major peaks or troughs for any of the 
parameters measured, other than as a result of diurnal variation due to algal activity in the 
watercourse. Continuously monitored ammonium levels showed little variation during dry 
weather, and sampled ammonium concentrations were below detectable levels at all times, 
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unless a single intermittent pollution event, misconnection or eso spill was suspected, as 
occurred on 16 March, when a suspected trade effluent discharge raised ammonium 
concentration to 70 mg rl. Unionised ammonia was not monitored during this phase of the 
investigation due to probe failure, and it was not determined whether the daily peaks 
monitored during the early stages of the research (Section 6.1.1) were still present 
During rainfall events however, the continuous monitors demonstrated a significant 
impact on 00, ammonium, pH and se da~ during early and pre-remedial data collection 
(Tables 6.1 and 6.2) and sampled results for BOD, SS and total heavy metals were also 
affected as river levels increased. During early data. collection (October 1996 to 
September 1997), ammonium levels increased to levels of around 4 mg rl, and diurnal 
rhythm was disrupted, or lost, for 00 and pH, with 00 saturation falling to <5% 
saturation on several occasions, as shown in Table 6.1. Sampled BOD upstream of the city 
was identified as out of class for the River Sherbourne (class C), as described in Chapter 
6. Pre-remedial results (Table 6.2) also showed disruption of natural diurnal rhythms for 
00 and pH (for periods of up to 6 days), as would be expected following an input of 
major organic pollution (Mason, 1996; Klein, 1972; WRc'UC,2973, 1998; Murrell et aI., 
1998) to the watercourse (see Sections 2.3.1, 3.6 and 6.2), with 00, SC and pH levels 
falling during rainfall events, and BOD, SS and ammonium concentrations rising to 18 mg 
r1, 120 mg rl and 1.8 mg rl respectively. Generally, during the early data collection and 
pre-remedial data collection for Phase 2, 00 levels decreased with saturation 
concentrations of <5%, or even OOA», on more than one occasion, and ammonium 
concentrations increased above the 90 percentile figure of 1.3 mg 1"1 for a class C 
watercourse (Section 2.4.2), with an average of 1.97 mg rl for early data. Temperature. 
00 and pH diurnal cycles were disrupted or lost for several days following a storm event, 
and SS concentrations increased, along with heavy metal content, as discussed in Section 
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6.2. Sampled results for Cd, Ni and total P were generally below detection limits, and 
increases in C~ Zn and Cr were linked with increases in SS. Levels of pH were generally 
lower upstream of the city than at the downstream monitoring point., though occasionally a 
major rainfall event would cause an increase in pH at the upstream point only. These 
events were possibly related to a spill from the unsatisfactory CSOs at Albany Road 
(Section 3.5) and the alkaline trade effluent component., as discussed in Sections 6.2 and 
8.2. The results met objective 1 and 2, by showing that rainfall-related events during 
Phase 2 had a significant impact on the River Sherbourne, and that the local impact of the 
Albany Road stonn overflows and culverted streams can only be accurately, and cost 
effectively detennined by the use of intensive continuous monitoring and sampling 
surveys. 
The peaks and troughs for all parameters, and the relationships between them would not 
necessarily have been identified in the monthly General Quality assessment of the 
watercourse routinely carried out by the Environment Agency (Section 3.3), and 
infonnation gained during this phase was used to identify that remediation of the Albany 
Road problem was needed. It also confinned that investigation of the culverted feeder 
streams was required to improve the quality of the River Sherbourne, and resulted in the 
removal of the unsatisfactory combined sewer overflows as discussed in Chapter 3. 
An investigation by Severn Trent Water Ltd in 1999 subsequently identified that the 
initial overspill calculation of one discharge per year was significantly incorrect and 
estimated instead 15 spills per year from the Albany Road system with a volume of 
2300m3 of untreated stonn sewage discharging to the watercourse. The proposal for 
remediation of the system involved the introduction of one high-level storm relief weir 
with a carry-forward flow of 850 I S·l, giving an overspill frequency of once per year, 
with a discharge volume of only 25m3 of diluted sewage effiuent. The Environment 
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Agency and Severn Trent Water Ltd recognised the need to continue and expand the 
investigation of culverted feeder streams to remove unknown pollution sources, 
although no specific funding for this work was identified. The results obtained in this 
Phase of research identified base levels of pollutants for a comparison with post 
remedial conditions, as required by objective 3 (Sections 1.5 and 8.1.3). 
8.1.3 Phase 3, Post remedial data collection, October 2000 to November 2003 
The results for the post-remedial phase show that following the remediation of the 
Albany Road combined sewage overflow system, the quality of the watercourse has 
generally improved, when compared to data from Phase 2. Reductions in mean 
ammonium concentrations and increases in DO percentage saturation were observed 
during rainfall events as a result of the remediation works, as discussed below. 
Phase 3 of the research satisfies objective 3 as follows: 
Objective 3 
To investigate if the identification and removal of point source pollution will change the 
impact of urban drainage from the City on receiving watercourses by analysis of a 
number of storm events monitored upstream and downstream of the City. 
The six unsatisfactory storm overflows at Albany Road were replaced with one high 
level storm relief outfall, at around the end of September 2000, as described in Section 
3.5, in conjunction with works to remove a number of illegal storm. overflows, 
misconnections and illegal trade effluents; identified by continuous monitoring in 
surface water drainage systems during Phase 1, between December 1997 and April 200 1 
(Chapter 5). During Phase 3 (October 2000 to November 2003), a total of 17 
investigative runs were carried out on the culverted city-centre section of the River 
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Sherbourne, and a comprehensive data set for dry weather and rainfall events was 
collected. This was used to identify relationships between sites (upstream and 
downstream of the city centre), between parameters, and to identify the trends in 
pollutant concentrations during rainfall events. The results of these investigations are 
discussed in Sections 7.3 to 7.5, and presented in Appendices 6 - to. 
Generally, the results obtained from the runs were consistent, showing a high correlation 
between results and increases in rainfall or river flows for continuously monitored and 
sampled investigations (Tables 7.3 to 7.14) with repeated highly significant and 
significant relationships identified between different parameters and different sites. The 
large number of investigations, and repeatability of these results, allows a high level of 
confidence that the trends demonstrated against flow, for specific pollutants, are 
representative of the River Sherbourne at this location. These trends are identified in 
response to objective 5 below, as a simplistic model for pollutants during rainfall events 
in the River Sherbourne. 
During Phase 3, the peaks and troughs identified at both sites were generally smaller 
during most rainfall events, and DO saturation remained higher and more constant than 
in the previous phase, with routinely recorded as 80-90% saturation, rising to over toO% 
saturation as a result of algal activity. Ammonium levels were also commonly reduced, 
as detailed in Table 7.1, with concentrations reaching 1.5 mg r1 during rainfall events. 
Although natural diurnal variation for DO and pH were disrupted during rainfall events, 
the resultant water quality remained good with relatively high levels of oxygen 
saturation and pH levels within acceptable limits. During run 16 (Table 7.1) on 30 April 
2001, DO %saturation dropped to zero at Humber Avenue (downstream of the city), and 
showed a poor recovery after a heavy rainfall event (Appendix 6.9). The high level 
overflow outfalling just upstream of Meadow Street, may well ha~ been in operation 
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during this investigation. Meadow Street results showed a greater impact for parameters 
other than DO, from the storm event, than at Humber Avenue, as discussed in Table 7.1, 
so it is possible that the downstream monitor was affected by debris collected around the 
sonde. Total P maintained levels of around 300-400 J.lg rl, with dilution from rainfall 
events recorded. It is likely that the main source of nutrients during Phase 3 is upstream 
of the city centre, arising from the rural areas around the unsewered Pickford Brook 
catchment, as shown in Figure 3.2. The pH levels at Meadow Street were generally 
lower than at Humber Avenue, as discussed in Section 7.3.1, although rainfall events 
reduced pH levels at both sites by the same degree. During Phase 2, the monitoring 
results showed an improvement towards September 2000, whilst the unsatisfactory 
storm overflows were being examined and prepared for replacement, and more illegal 
and intermittent discharges were being removed from the smaller culverts and drainage 
systems. This improvement continued during Phase 3, with final completion of the eso 
remediation scheme, and most of the intermittent sources identified and removed, by 
Summer 2001. A comparison of maximum, minimum and mean pollutant concentrations 
for the River Sherbourne between the Phases 2 and 3 of the investigation (Table 7.6) 
shows a clear improvement in the watercourse during rainfall events. 
Maximum, minimum and mean values for three featured investigations for the March 
2001 and November 2003 storms and the September 2003 dryweather event against pre-
remedial data for the River Sherbourne as discussed in Chapter 7, are given in Table 
7.16. Mean concentrations for ammonium are reduced, and DO concentrations are 
higher during the later investigations. 
Chapter 7 reported that there were still peaks remaining for contaminants such as heavy 
metals and SS, which can be identified with urban runoff during wet weather, and 
pollutant levels generally are higher downstream of the culvert in the 2003 results, as 
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shown in Table 7.15. Although there are probably still some illegal and intermittent 
sources discharging to the watercourse through urban drainage systems, the removal of 
the known unsatisfactory point sources and the identification and remediation of other 
pollution sources (illegal storm overflows, cross connections between foul and surface 
water sewers, and misconnections of domestic and industrial waste waters) has resulted 
in a reduced deleterious impact on the watercourse from urban runoff, and water quality, 
in terms of chemistry and biological monitoring below the city centre has improved as 
summarised in Tables 3.1 and 3.2, and Figures 3.4 to 3.6. 
The River Sherbourne now meets current water quality standards for a Class C 
watercourse (Table 2.7), as discussed in Section 3.3, and the River Avon has 
progressively improved with summer data for continuous monitoring showing improved 
DO percentage saturation levels and a consistently lower concentration of ammonium, 
as discussed in Section 3.9 and shown in Figures 3.9 and 3.10. 
The removal of organic pollution from illegal sewer overflows, misconnections and 
trade effluents, and remediation of the eso problem identified at Albany Road has 
therefore had a significant beneficial effect on water quality downstream of the 
investigation area This investigation has, in determining changes in water quality, 
trends and priority pollutants in the River Sherbourne upstream and downstream of the 
contributory drainage systems, therefore met tlie requirements for objective 3. 
Three investigations were featured to represent the improving situation with respect to 
pollutant concentrations during the post-remedial Phase 3, as shown in Table 7.16. The 
three, featured investigations for March 2001, September 2003 and November 2003 
were examined to meet objectives 4 and 5. 
Hypothesis A (Section 1.4) suggests that occasional spot sampling of urban 
watercourses does not give an accurate representation of chemical water quality. Tables 
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7.18 and 7.19 identify how the statistical data for a single water quality investigation can 
change when the frequency of sampling, either by manual sampling or continuous 
monitor measurement, is progressively reduced. 
Objective 4 
To determine the optimum frequency for sampling or assessing water quality in an 
urban environment and specifically the River Sherbourne and River Sowe catchment 
areas around the City of Coventry. 
The data for the storm event in November 2003 was randomly yet progressively 
reduced, and the results subjected to statistical analysis to determine mean, median and 
percentile values for all monitoring and sampled data by determinand. The results are 
discussed in detail in Section 7.3.4, and given in Tables 7.18 and 7.19. 
In summary, it was determined that the higher the number of results for each 
determinand, the more accurate the assessment of overall quality was. Continuously 
measured parameters such as ammonium and pH results give slightly different results 
when compared to sample results for the same parameter, with 56 readings being 
compared to 14 one-hour composites taken during the November 2003 investigation. 
Continuous monitors recorded Ammonium concentrations that were below the level of 
detection for laboratory analysis; therefore giving a more accurate representation of the 
variability of this parameter in storm conditions. The use of continuous monitors also 
captured intermittent discharges (resulting in pollutant peaks), which occasional routine 
sampling (within normal 9 to 5 working hours), would not necessarily identify. Storm 
events, can therefore significantly affect quality assessment, depending on when spot 
samples are taken within them, and this should be considered in monitoring catchment 
areas affected by urban runoff. 
The reduction of results for spot samples taken during a single rainfall event, also had an 
impact on overall assessment of water quality. The results for upstream and downstream 
BOD were changed markedly when reducing 14 samples to 1, during the single storm 
event. Upstream and downstream mean BOD values of 4.76 mg rl and 8.04 mg r1 
respectively, were reduced to 2.85 mg r1; and the BOD 90 percentile values, which are 
used for defining river class under the GQA scheme (Section 2.4.2), were reduced from 
7.86 mg rl and 15.82 mg r1 respectively, to just 2.85 mg rl. 
If routine GQA samples results were as variable as this, as a result of intermittent 
discharges or spot samples taken during storm events (and sampling frequencies were 
similarly or even marginally reduced in number), the classification for the sampled 
watercourse would change from being assessed as 'Bad' (below Class E), to 'Good' 
(Class 8). 
The examples given in Section 7.3.4 give confirmation that spot sampling, particularly 
at reduced frequencies as described in Section 4.1, does not give an accurate indication 
of water quality, or consider the extent or significance, of extreme values obtained when 
sampling rainfall related urban runoff. This information is required for consideration of 
toxicologically based standards, such as the Fundamental Intermittent Standards 
(Section 2.5.1), suggested by the Urban Pollution Management methodology (FRICL 
0002. FWR, 1994) It will also be an important consideration in assessing water quality 
as part of ecological quality, as a more holistic approach to the environment, under the 
Water Framework Directive (2000/60IEC). 
Objective 5 
To identify potential pollution problems remaining in urban runoff in the River 
Sherbourne catchment and consider the implications, if any, against future use of the 
watercourse and applicable water quality standards. 
As identified in Section 8.1.1 and Table 3.2, 60% of the watercourses in Coventry have 
shown an improvement in water quality, based on monthly sampling data for General 
Quality Assessment (Environment Agency, 2002). This data relies on monthly spot 
sampling during daylight hours, and is collated for 36 samples on a three-year rolling 
programme. The data identifies which classification of watercourse is appropriate, as 
identified in Table 2.7 (Chapter 2). The minimum DO percentage saturation is expressed 
as a 10-percentile figure for each class and the maximum concentrations for BOD and 
total ammonia (NH.~) are expressed as 90 percentiles. The limits relating to GQA 
(Table 2.7) for BOD, total ammonia and DO are repeated in the River Ecosystem 
Classification scheme (Table 2.9) based on proposed river usage, but guidelines for 
dissolved CD. unionised ammonia, total P and total Zn are expressed as 95 percentiles. 
As discussed in Chapter 3, the River Sherbourne is not classed as a cyprinid fishery, 
although the receiving waters of the River Sowe do now support a diverse coarse fish 
population, and the River Avon is a designated fishery downstream of Warwick (Figure 
3.1). 
The length of culverted section through the city centre limits the future use of the River 
Sherbourne culvert at present, but there are proposals by property developers to open 
some stretches of the culvert in the near future (Coventry C.C. Urban Design Study 
Final Report 571, 1999), which may make a feature of the watercourse, and improve it's 
amenity value within the curtilage of the inner ring road (Figure 2.2). The Rivers 
Ecosystem limits (Table 2.9), and the Fisheries Directive (78/659/EEC) mandatory and 
guideline limits (Table 2.10) are therefore useful in guiding local authorities, water 
planners and environmentalists to make decisions on reasonable and achievable uses of 
the urban river in comparison with available quality data. The availability of accurate 
local data is particularly important in this respect (Bannerman et al., 1993; Lee and 
Jones-Lee, 1993; Brezonik, & Stadelmann, 2002). Under the Fisheries Directive 
(78/659/EEC), the pH limits are identified as 5 percentile and 95 percentile values, with 
mandatory minimum DO concentration relating to 50% of samples, SS expressed as a 
mean concentration and the other parameters (total ammonia, BOD, total P, total Zn and 
dissolved eu) expressed as 95 percentiles. 
The results from the September 2003 dryweather investigation (Section 7.2.2), and the 
November 2003 storm (Section 7.2.3), identify that the current quality of the river 
Sherbourne is much improved as discussed for objective 3 above, in comparison to early 
data (Table 7.16) and, as discussed in Section 7.3, sanitary determinands do not pose any 
threat to the current GQA and RE classification as a Class C, RE4 watercourse. The 
relatively high mean BOD concentrations, particularly at Humber Avenue during the 
storm event, are a matter of concern, as they are only just within UK derogated values, 
but would fall outside guideline values for cyprinid fisheries under the BC Freshwater 
Fish Directive (78/659/EEC). As discussed in the last section, the use of continuous 
monitors during rainfall events has revealed that intermittent standards (section 2.5.1) can 
still be breached in the River Sherbourne, and that development of the watercourse, even 
in the slower waters of the River Sowe beyond the confluence (Figure 3.1), as a 
designated fishery, would not therefore be appropriate at this time. 
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The heavy metals measured during the November 2003 storm event exceeded the levels 
found in dry weather as discussed in Section 7.4, but they do not exceed the guideline or 
mandatory limits for the protection of coarse fish (Table 2.10). The mean, median, 90, 
95,5 and 10 percentile values for sanitary determinands and heavy metal concentrations 
measured during the November 2003 storm upstream and downstream of the city, are 
given in Tables 7.18 and 7.19, and are consistent with the findings of other studies 
relating to urban runoff (Lee and Bang, 2000; Lee et 01., (2000); Bannerman et ai., 
1993; Choe et 01. 2002), as discussed in sections 7.3.3 and 7.4. All heavy metals showed 
a concentration peak, or first flush effect (Saget et 01., 1995; Lee and Bang, 2000; 
Forster, 1996; Harrison and Wilson, 1985), during early rainfall after periods of 
dryweather during the November 2003 rainfall event, and concentrations were generally 
higher downstream of the city, as shown in Figures 7.4.1 (a-p), and 7.4.2 (a-j). 
As discussed in Section 7.2.1 iii, only the Cu concentration identified (Figure 7.7) in the 
2003 rainfall event investigation gives reason for concern against water quality criteria 
(Table 2.10). The measurements obtained were for total Cu with concentrations 
comparable to the limits for the dissolved fraction as specified in the table. It is likely 
that the dissolved fraction constituted less than the total amount determined, and was 
therefore within the prescribed guidelines. 
Under current legislation, the results for Phase 3 (particularly data recorded during 
2003), do not present a risk to water quality standards or future use of the Rivers 
Sherbourne, Sowe and Avon. Under the Water Framework Directive (2000/60IEC), the 
urban runoff component is perceived as a risk in not achieving good ecological status, as 
discussed in Section 3.11, although until the definition of 'good' in this assessment has 
been qualified, potential compliance is a difficult issue to address, and derogations for 
the River Sherbourne, as a 'heavily modified watercourse' may apply. 
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In the early stages of this investigation the poor water quality of the River Sherbourne, 
and reported failings for compliance against river quality objectives (Environment 
Agency, 1997), led to consideration of the need for treatment facilities downstream of 
the city. Introduction of wetlands, sedimentation lakes, and even bubble screens (to 
aerate the lower reaches of the Rivers Sowe and Avon) were considered by the 
Environment Agency, although the costs for installation and maintenance would have to 
be justified by further research. This investigation has identified that improvements in 
water quality, and the removal of major intermittent pollution sources, has reduced (or 
even removed), the requirement for these sustainable urban drainage systems (SuDS) to 
be installed. Similarly, previously held objections to proposals (at planning application 
stage) for opening polluted culverts as amenity features, in some areas such as Hall 
Brook and the central River Sherbourne, by local environmental regulators would be 
less likely as a result, although increasing access to the watercourse may still present 
some risk to the public, because of bacterial and pathogenic contamination (Section 
8.2.4), from rat-infested sewerage systems. 
8.2 Possible sources of contamination in the River Sowe catchment 
8.2.1 Introduction 
Chapter 2 identified that urban runoff is the result of point and non-point sources (Choe et 
aI, 2002), and can include precipitation, soil erosion, accumulation and wash off of 
atmospheric dust and street dirt, fertilisers, pesticides and direct discharge of pollutants 
into storm sewers (Novotny & Olem, 1994). Urban sediments represent the net effect of 
urban activities upstream, and as such are predominantly the result of storm water runoff 
events combined with the deliberate human, or occasional natural, supply of debris to 
the watercourse (Douglas, 1985). These stormwater sediments are therefore a 
heterogeneous mixture of particles (Ellis et al. 1982), and a city centre location, adjacent 
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to housing and industry, will provide a complex mixture of sources (Charlesworth & 
Lees, 1997). The provision of foul and surface water sewerage systems in Coventry 
(Section 3.4) would suggest that harmful sewage discharges to watercourses would be 
reduced (Luker and Montague, 1994). However, pollution from misconnections, illegal 
discharges and stonn overflows is a common cause of pollution incidents reported in 
urban watercourses (Environment Agency, 2003), which had directly contributed to 
non-compliance against water quality objectives in the urban river stretches of Coventry 
during the mid 1990s, as described in Sections 3.3, 5.2 and 6.2. 
Non-point pollution arising from stonnwater runoff is one of the major causes of 
deterioration in water quality, and the characteristics of urban runoff are more difficult 
to quantify than those of wastewater (Field et al., 1982; Novotny and DIem, 1994; Bang 
et al., 1997; Lee and Bang, 2000). The degraded character of urban watercourses, such 
as the River Sherbourne, results not from one single factor, but from the interaction of a 
variety of detrimental effects. Runoff from street surfaces can be highly contaminated 
and pollution concentrations can vary widely according to rainfall intensity, surface 
properties, particle size, antecedent dry periods and the efficiency with which streets 
were cleaned (Sartor et al., 1974). Harrem<>es, (1981) suggested 3 areas to be considered 
to counter the effects of urban runoff; control at source, improved street cleansing and 
treattnentofrunoff. 
Best Management Practices, including the use of detention ponds and Sustainable 
Drainage Systems (SuDS), can be targeted to serve specific problems (for example, at 
industrial sites and on highways) at a lower cost of construction and maintenance 
(Bannerman et al., 1993; Lee and Jones-Lee, 1993), although, as discussed above, they 
may no longer be applicable to general drainage problems in the River Sowe catchment. 
Perdikaki et al., (1999) suggested that where treatment of flows prior to sedimentation is 
not possible, future efforts should concentrate on limiting pollutants generated at source. 
This was the proactive approach taken during this research. 
8.2.2 Organic contaminants 
Historical and current pollution levels identified in the culverted watercourses of the 
River Sowe catchment, and more specifically, for the city- centre culvert of the River 
Sherbourne, are outlined in Sections 5.1, 6.1, 7.1 and 7.3. It is clear from the 
improvements in water quality identified through each phase (Tables 7.6 and 7.16) that 
the sanitary detenninands (BOD, ammonium and SS) currently present less of a risk to 
water quality standards than before. The major contribution of these contaminants arose 
from the unsatisfactory operation of the 6 combined sewer overflows located in Albany 
Road, which spilled raw (albeit diluted) sewage into the River Sherbourne from the 
Hope Street outfall (Figure 4.5) at a frequency in excess of the design characteristics 
(section 3.5). The impact of urban runoff on the watercourse generally increased through 
the culvert, as the river received drainage from the culverted streams and surface water 
drainage systems discharging between Meadow Street and Humber Avenue (Figure 4.5). 
Although pollutant levels are still marginally greater at the downstream monitoring 
point during rainfall events (Tables 7.8 to 7.16), the removal of illegal and intennittent 
sewage and trade eftluent discharges identified in Phase 1 had a significant effect on 
reducing contaminant concentrations (objective 3, above), with sampled ammonium 
concentrations at Humber Avenue below detection levels during the November 2003 
rainfall event. Hydrocarbons are frequently seen as iridescence on the River Sherbourne 
during rainfall events, and occasionally heavier discharges, arising from highway and 
industrial spillages (or fires), enter the urban watercourses in the River Sowe catchment. 
Hydrocarbons were not analysed in this research, but it should be identified that most 
hydrocarbons are degradable, and that 70-75% of hydrocarbons show a strong 
attachment for suspended solids (Montague and Luker, 1994), which may be reflected in 
the results for BOD, COD and DO % saturation, although any hydrocarbon 
contamination of monitoring equipment or reports of major spillage would have been 
identified in the results. 
8.2.3 Heavy metal contamination 
The heavy metal concentrations still showed peaks during rainfall events, and were 
generally higher at the downstream monitoring point in the River Sherbourne (Humber 
Avenue), than at Meadow Street, as shown in Figures 7.4.1 (a-p) and 7.4.2 (a-j). 
Potential sources for heavy metals contributing to urban runoff are from atmospheric 
pollution (including emissions from the Coventry incinerator), illegal trade effluent 
discharges and spillages, vehicle use and emissions, roof water runoff, corrosion of 
buildings and natural soil derived sources, as discussed in Chapter 2. The increase in 
these parameters during rainfall indicates that urban runoff is contaminated by local 
sources, and good correlations between SS and Zn, Cr and Cu downstream of the city, 
suggests that some heavy metals are associated with particulates arising in the city 
centre environment. Coarse particles will not be carried in suspension even in fast river 
flows, but are transported by rolling along the riverbed by the process of saltation 
(Montague and Luker, 1994). The extent and character of this pollution depends on the 
chemical and physical characteristics of the riverbed and land-use in the catchment area 
(Klein 1962; Choe et 01, 2002; Mulcahy, 1990). Construction sites are the most 
detrimental activity in terms of sediment runoff (Sonzogni et aI, 1980), and street 
surfaces are important pollutant sources in all land types (Bannerman et aI, 1993). Zinc 
was the most dominant heavy metal found in the Coventry results and can arise from a 
number of sources, as shown in Tables 2.4 and 2.5. Airborne sources include burning 
fossil fuels and smelting. As discussed in section 2.2.2 the creation of smokeless fuel 
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areas in the city have significantly reduced the incidence of using fossil fuels in the 
home, and there are no identified smelting plants in the centre of Coventry. 
Volatile metals, especially those that form oxides (such as Cd, Pb and Zn) with boiling 
points at or below 1500°C, are vaporised during high temperature combustion processes 
such as incineration (Kaakinen et al., 1975). They then condense onto the surfaces of 
ambient particles (Farmer and Linton, 1984), which may be transported with other 
suspended solids after deposition (Figure 2.2), becoming readily bioavailable under 
certain environmental conditions (low pH, as in acid rainfall) or dissolving in surface 
runoff (Farmer and Linton, 1984). The incidence of Zn emissions from the waste 
incinerator plant located within the city is not reported (www. environment-
agency.gov.uk), although Pb is prevalent to levels of l00Kg annum-I, and significant 
levels of Cu and Cr were recorded in data for the period to 2000. Dry atmospheric 
fallout can be responsible for large proportions of street dusts (section 2.2.3) (Montague 
and Luker, 1994, Bellinger et al., 1982;Hedley and Lockley 1975). Other likely sources 
for Zn include wearing of vehicle tyres, corrosion of vehicles, paints and electronic 
goods as discussed in Chapter 2, and discharges from industrial process. There are 2 
metal finishing plants located adjacent to the River Sherbourne within the city centre 
which could cause heavy metals contamination of localised soils, although surface water 
from both sites had previously been directed to the foul sewer as a result. These plants 
will also produce trade eftluents discharging to the foul sewer, which contain controlled 
quantities of Cu, Cr, Ni and Cd. Any storm, illegal or emergency overflow from 
receiving foul sewers (as was the case in Gulson Road, Section 5.1), will therefore 
constitute a potential source of these metals. Metals can exist in many forms; they· can 
be attached to inert sediments, be contained in immiscible fluids, occurring as particles, 
soluble salts or insoluble compounds, and in organic, inorganic or complex forms, 
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dependent on the prevailing redox and pH conditions (Montague and Luker, 1994). It is 
likely that Zn sources in the River Sherbourne arise from corrosion of roofing 
(Bannerman et al., 1993), buildings, and the use of vehicles (Ellis et ai, 1982; Zobrist et 
al., 2000; Charlesworth & Lees, 1997; Fergusson, 1990), within the curtilage of the 
inner ring road, areas draining to the surface water drainage systems studied in Phase 1. 
Dust and dirt from traffic will include direct exhaust emissions of particulates (mainly 
from diesels) and dust resuspended from the road by passing traffic. The resuspended 
material will include local soil material, products of vehicle wear (rust, tyre rubber etc) 
and de-icing salt in the winter months, and consist of coarse particles that settle quickly 
leaving fine particles suspended in the air (Namdeo et al., 1999). The contribution of 
metal corrosion to the Zn and Cd load in street dust is of great significance (De Miguel 
et al., 1997). As a result of these sources, urban pavement drainage often contains 
significant quantities of anthropogenic metal elements, including Cd, Cu, Pb and Zn. 
Although Cu seems to accumulate from more than one source, (for example from roof 
drains, as discussed in section 2.2.4), the high concentrations of eu collected near to 
busy roads, and the high correlation found between Pb and Cu in the street dust of 
Madrid suggests that corrosion has a special significance for its dispersal (De Miguel et 
al., 1997). 
Insoluble and adsorbed materials (section 2.2.3i) may collect until there is a storm of 
sufficient intensity to remove them (Harrison and Wilson, 1985). Morrison et al., (1988) 
showed that developing anoxic conditions in gully pot traps could alter the Eh/pH 
environment enough to release bonded particulate metals into solution. Variability in 
runoff concentrations may, in part, be due to nature of different road surfaces, 
hydrological conditions, (for example, total volume and intensity of stormwater) (Lee et 
al., 2004) and street cleaning efficiency (Sartor et al., 1974; Ellis, 1979). 
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In previous studies, very little metal found in Coventry street dusts was in the residual 
form or exchangeable fraction, which means that following a change in environmental 
conditions e.g. pH, there is a potential for metals, in particular Cd, to be released 
(Charlesworth et al., 2003). Any metals released in this way would then be flushed 
through the drainage network into streams and other watercourses (Figure 2.2). 
Foster et al., (1996) and Proffitt (1993) have shown that storm events can change 
prevailing environmental conditions by buffering the effects of acid rain on the one 
hand, and by flushing through the urban system on the other. The result is the 
remobilisation of metals and the 'first-flush' effect of a stonn after a dry spell (see 
section 2.2.1). This effect was identified in the results for the November 2003 rainfall 
event (Figures 7.4.1 and 7.4.2). Short duration, high intensity summer storms are most 
likely to mobilise pollutants that have accumulated during the antecedent dry period 
(Montague and Luker, 1994). 
8.2.4 Bacteriological contamination 
As stated in Section 2.2.1 excrement and urine deposited on roads and pavements can be 
a significant source of bacteria, viruses, and soluble and particulate organic 
contaminants (Muschack, 1990) with high oxygen demands (Section 2.3.1). Dead 
animals will also contribute to the organic and bacterial contaminants discharged into 
the drainage systems. Where there are sewerage systems discharging to a watercourse 
through combined sewer overflows and misconnected foul sewers, Coliform bacteria (of 
faecal origin, arising from the gastrointestinal tract of people and animals) will be 
present. The bacterial content of separate stormwater is predominantly from non-human 
(domestic and wild animal) sources (Field et al., 1993). Dufour (1984) identified that 
bacteria from sources other than the gastrointestinal tract of man and other warm-
blooded animals (and are not therefore classed as faecal Coliforms), are also present in 
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freshwater, in high densities. These will include pathogens arising from agricultural 
sources. The River Sherbourne is not designated as bathing water under the 1976 EC 
Bathing Water Directive (761160IEEC), and as such is not monitored by the 
Environment Agency for bacteria and pathogens (and no such determination was made 
in this research). However, the bacterial contamination of the River Sherbourne is likely 
to be significant, and should be considered if the amenity value (i.e. public accessibility 
to the watercourse) or proposed future use of the river is changed, as discussed in 
Section 8.1.3. 
8.2.5 A simple model for the impacts of urban runoff in the River Sherbourne 
A summary of all the trends identified, upstream and downstream of the city in 
monitoring the River Sherbourne is given in Table 8.2. As detailed in the results for 
each featured investigation (Section 7.2), concentration peaks for most parameters were 
identified before river levels increased sufficiently to reflect measured rainfall events, 
demonstrating a first flush effect (Choe et al. 2002), arising from local impervious 
surfaces and drainage systems. The Correlation between river level and some parameters 
was not significant as a result in the post-remedial featured investigations, although 
some trends identified in the pre-remedial stage more consistently (such as a fall in pH 
during rainfall events, and increases in BOD, SS and heavy metals with increases in 
rainfall, particularly in the earliest featured storm in March 200 1), were repeated. This 
feature was demonstrated by the highly significant results recorded for increases in 
BOD, SS and Pb when the rainfall readings were adjusted to allow for time of travel, by 
up to 2 hours sequentially (Tables 7.12 - 7.14). The significant results for increases in 
heavy metals against rainfall and flow identified during March 200 1 were not as 
apparent in the later measurements. 
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Table 8.2: Summary of general trends for featured investigations 2001 & 2003 
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The improvement in water quality shown in Figure 3.4, and the reduction in pollutant 
concentrations towards the end of the research period summarised in Tables 7.6 and 
7.16, demonstrated a reduced impact from urban runoff in the catchment. However, 
concentrations of pollutants remained generally higher downstream of the city, as 
indicated in the bottom section of Table 8.2, and a comparison of upstream and 
downstream sites (using data gathered in 2003 during dry weather and the rainfall 
event), in conjunction with the previous trends identified in all Phases (Sections 6.2 and 
7.4), can lead to a simple model of what results could be currently expected during a 
monitoring run on the River Sherbourne. 
During dry weather in the River Sherbourne; 
1) Diurnal variation in pH, 00 and temperature will be recorded. Total P levels in 
the watercourse, (arising from rural sources and numerous small sewage 
treatment plants upstream of the catchment) are very high (300-500Jlg r\ and 
the algal activity in the watercourse is pronounced, particularly at the upstream 
monitoring point, after the open section of watercourse. (Figure 4.16). 
2) Ammonium levels will be reasonably constant, with average concentrations 
below detectable levels (0.5 mg rl) for sampled data, and around 300- 400Jlg rl 
when using continuous monitors. 
3) 00 will remain high with levels reaching above 1 ()()OAt saturation during daylight 
hours, and falling to no less than 60% saturation during the hours of darkness. 
4) Heavy metal concentrations will remain constant and within water quality 
guidelines (section 2.4), with Zn, Pb, Cu and possibly Cr detected, and Ni and 
Cd below analytical detection levels of 5 Jlg rl and O.lflg rl respectively. 
During rainfall events of adequate intensity to mobilise street dusts and sediments (Lee 
and Bang, 2000); 
1) BOD and SS will increase and Ammonium will decrease slightly, if no 
combined sewer overflows are operating, or if organic contaminants from local 
misconnections, leaf litter and other detritus have not accumulated in the local 
drainage systems. 
2) The pH levels will fall upstream and downstream of the city, although the levels 
at Meadow Street will remain consistently higher and the impact on the upstream 
site will be greater. TON and TOS will also fall as a result of increased flows, 
although levels for SS will be higher downstream of the city as a result of urban 
runoff. 
3) DO levels will remain higher than 50% saturation unless there is an influx of 
sewage or other organic contaminant as a result of the high level storm relief 
outlet at Hope Street (Figure 4.5) or the pumping station overflow at Park Road, 
(Figure 3.2), in which case it may fall to <10% saturation. Diurnal variation of 
dissolved oxygen will be disrupted in any case with gradual recovery dependant 
on the rainfall event. 
4) Heavy metals will increase after the initial rainfall event with further smaller 
peaks, similar to those obtained for SS. Pollution concentrations for all 
parameters will be greater at the Humber Avenue site, by a factor or 2-4. All 
metals will be within water quality guidelines, although total Cu may give cause 
for concern and determination for the dissolved element is advised. 
5) Specific conductivity concentrations may peak initially with the first rainfall but 
will fall by dilution, as river levels increase. 
6) Water quality objectives will not be affected by short summer storms, but 
intermittent toxicological standards may be breached for 00% saturation in the 
River Sherbourne and possibly the River Sowe, although the river Avon is likely 
to remain compliant. 
8.3 Testing the Hypotheses 
The aims and objectives of this study into urban runoff problems, with particular 
emphasis on urban drainage in the City of Coventry, arise from the following initial 
Hypotheses: 
i) Hypothesis A 
That occasional spot sampling of the urban watercourses does not give an accurate 
assessment of the chemical water quality and that the use of biological sampling does 
not address the issue of identifying intermittent discharges in an inner City environment 
with culverted watercourses and streams. Furthermore that the use of continuous 
monitors can give an accurate graphical representation of the changeable nature of 
quality and flows in urban watercourses and assist in the investigation and removal of 
polluting intermittent organic discharges in a cost effective manner. 
This hypothesis was tested by considering routine water quality data and comparing the 
results (Table 3.1) against data collected from continuous monitoring over long periods 
and intensive sampling over 12 to 14 hours, during dry weather, and rainfall events 
(Sections 5.1, 6.1. 7.1 and 7.2) during Phases 1,2 and 3. The results were proven as 
discussed above for objectives 1, 2 and 4. Continuous monitors, used alone, or in 
conjunction with intensive automated composite sampling equipment, were identified as 
a cost-efficient method of identifying the changeable nature of water quality in an urban 
drainage system during rainfall, and an effective means of identifying intermittent 
j 
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organic discharges in extensive drainage systems. Occasional spot sampling does not 
give a representative assessment of urban runoff. Biological sampling (Section 3.3) will 
identifY the impact of persistent intermittent pollutions, but morphological changes to 
urban watercourses, such as the introduction of concrete culverts, and 'flashy' storm 
drainage systems may also reduce biodiversity at a monitoring site (Section 2.3.1b). 
Unfortunately biological sampling is infrequent and undertaken at few urban sites, so 
will not identifY specific point sources of pollution. 
ii) Hypothesis B 
That analysis of phosphate concentration will reveal that combined sewer overflow 
(point) sources in an urban area, contribute to the high level of phosphate per capita 
discharged to receiving watercourses. 
Early monitoring techniques did not include a-P, and samples did not identifY detectable 
levels (0.5 mg rl), of total P related to rainfall events. Comparisons against recorded 
post-remedial concentrations for total P averaging approximately 300 Jlg rl could not 
therefore be made. The featured rainfall event on March 2001 showed an increase in 
total P concentratio~ related to rainfall, rising to 450 Jlg rl. These results identify that 
using the nutrient classification system allied to the General Quality Assessment 
classificatio~ the watercourse would be classed as Grade 5 with nutrient (P) levels 
described as 'Very High'. Orthophosphate levels remained below the detectable limit of 
0.5 mg rl in sampled results (not detectable with the sondes used during continuous 
monitoring). Most of the watercourses in the River Avon catchment are considered to be 
eutrophic, with nutrient sources arising from rural agricultural areas and small sewage 
treatment works. Major sewage works in the area are subject to P removal before 
discharging to watercourses under the Urban Wastewater Trea1ment Directive 
(91/271IEEC). Nationally, 53% of rivers had high concentrations of phosphate (greater 
than O.lmgll) in 2003, compared with 64% in 1990, as a result ofP removal in sewage 
effluents and agricultural initiatives (Environment Agency WQ report, 2003). Removal 
of the combined sewers did not result in a decrease in total P to acceptable levels. As 
early results were not identified for total P analysis, it is not possible to determine 
whether levels had previously been higher in the watercourse during rainfall events. The 
hypothesis is therefore not proven nor disproved. 
iii) Hypothesis C 
That analysis of water quality during storm events at multiple sites on a continuous 
basis will reveal hitherto unknown cross connections between surface and foul sewers, 
broken sewers and industrial and commercial effluents quicldy, and that removal of 
these illegal discharges will result in a marked improvement in water quality, as 
identified by routine sampling programmes, for affected watercourses. 
The investigations carried out during Phase 1 in culverted watercourses draining to the 
River Sowe and River Sherbourne, were very successful in identifying sources of 
intermittent pollution, misconnections, cross connections and trade efiluents, as 
discussed in Section 5.2. Many of the intermittent pollutions identified were initially 
masked by continuous discharges from misconnected foul sewerage systems and illegal 
cross connections between the foul and surface water sewers, and a number of illegal 
trade effluent discharges were taking place during the night or early evenings and would 
not have been detected by spot sampling. 
As discussed above, objective 3 was to identify any impact of removing intermittent 
discharges from the surface water systems, and objective 5 was to identify any 
pollutants remaining, for consideration against future river uses, and water quality 
compliance. Monitoring the River Sherbourne, before and after the unsatisfactory storm 
overflows and intermittent pollution sources were addressed, identified significant 
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improvements in the quality of the watercourse receiving urban runoff during rainfall 
events, as discussed in Sections 3.9, 7.3,7.4 and 8.1, and demonstrated in Tables 3.1, 
3.2, 7.6, 7.8 and 7.16; and figures 3.4-3.6 and 3.10-3.11. Objectives 1, 3 and 5 were 
fulfilled as a result of investigating urban watercourses (and surface water drainage 
systems) during Phases 1,2 and 3, and hypothesis C was therefore correct. 
8.4 Conclusions, Future monitoring, and suggested future research 
8.4.1 Conclusions 
A number of major sources for organic contaminants have been identified in the River 
Sowe catchment, for removal during the course of this research, and heavy metals 
appear to be the main pollutants remaining in Coventry's urban watercourses. These 
contaminants are found in higher concentration downstream of the city centre culvert, 
although the levels identified are within current water quality guidelines. Most 
parameters analysed displayed a first flush phenomenon with pollutants that probably 
arise from sediments and street dusts deposited in surface water systems, and on local 
impervious areas such as roofs, roads and pavements, respectively. Further controls on 
vehicle emissions, and planned transport movement restrictions within the city 
(Coventry C.c. Urban Design Study Final Report 571,1999), accompanied by 
continuing improvements in emission control at the incinerator plant and other local 
industrial processes, will help to reduce the pollution sources further. 
8.4.2 Future monitoring 
Regular monitoring of local watercourses, both open and culverted, using intensive 
sampling and continuous monitors is essential to prevent deterioration of the improved 
situation with respect to water quality, and to identify and prioritise problems areas for 
investigation with limited resources. Failure to maintain this intensive monitoring 
capability, may lead to a return to poor quality watercourses, affected by unknown 
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intermittent pollution sources. As discussed in Sections 2.6 and 3.11, the Water 
Framework Directive (2000/60IEC) establishes an integrated approach to the protection, 
improvement and sustainable use of Europe's rivers, lakes, estuaries, coastal waters and 
groundwater (UKTAG 2006, www.wfduk.org). It requires that all inland and coastal 
waters within defined river basin districts must reach good status by 2015, and defines 
the environmental objectives and ecological targets to achieve this (Foundation for 
Water Research, 2005). The definition of good status is currently being determined by 
the member states. 
The Environment Agency is the competent body for implementation of the Directive in 
England and Wales with SEPA identified for implementation in Scotland (Environment 
Agency, 2006), and will: 
• Assess the present water quality in the river basin district 
• Undertake analysis of the significant water quality management issues, including 
abstraction pressures 
• Identify a programme of measures (poM) for each river basin district 
• Consult with key stakeholders and other interested parties about the characterisation, 
proposed Po~ and cost -benefit analysis. 
• Implement the agreed PoM, monitor improvements in environmental quality, review 
progress and revise water management plans. 
It is not yet clear how the monitoring programme will encompass an holistic approach to 
ecological status, or whether additional resources will be available to the competent 
body to carry out this work. The classification system, based on a worse case scenario 
(i.e. the lowest quality indicator will identify the water body as non-compliant, even if 
other factors are satisfactory) is nearing completion, and is currently being ratified at 
European level, along with the quantification of 'good ecological status'. 
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The Public have been constantly informed that water quality in rivers, bathing waters 
and water supply has improved over the years, and that increased Water Industry 
spending (and subsequently water bills) has been necessary to remove historical 
pollution problems for good. The message has been that this spending under the Asset 
Management Planning process has been a success and that we are now benefiting as a 
result. The requirements to improve ecological status under the Water Framework 
Directive may therefore be a harder message to give, and the extra funding required may 
not be acceptable, nor considered essential to the general public. 
Meanwhile, a greater awareness of pollution prevention measures in industry (through 
widespread acceptance of Environmental Management Systems and improved chemical 
storage and disposal facilities), and environmental awareness in the community with a 
better understanding and appreciation of their local environment, is an appropriate way 
forward. 
8.4.3 Suggested further research 
Had sufficient resources been available, it would have been preferable to monitor all 
main outfalls to the culverted river section during each run, in conjunction with the two 
sites monitored in this research. Monitoring of the Albany Road outfall, in open 
watercourse (Figure 4.15) was not practical because of the risk of vandalism at the site. 
This was subsequently proven during the pre-remedial research (phase 1), with the theft 
of one continuous monitor and significant damage to another. Studies undertaking 
monitoring of urban runoff discharges to the watercourse would complement the 
research carried out by Coventry University in monitoring river sediments and analysis 
of street dusts (Charlesworth et a/., 2003; Foster et a/., 1996; Charlesworth and Lees, 
1999, 2001). The presence of heavy metals in Coventry's urban watercourses was not 
previously monitored for, and further research should identify soluble and total heavy 
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metal concentrations in discharges to the river to confirm whether the sources are from 
deposition onto local impervious areas, or arising from illegal discharge of trade 
eftluents, contaminated land runoff or sedimentary deposits in the extensive drainage 
system investigated in Phase 1. 
Bacterial contamination is not monitored in the River Sherbourne by the Environment 
Agency, as discussed in Section 8.2.4, and proposals (Coventry C.C. Urban Design 
Study Final Report 571, 1999) to open culverted sections of the river within the city 
centre (Section 8.1.3), should be accompanied by research into the potential risk to the 
public of infection from Coliform bacteria and other pathogens. Identification of sources 
(illegal overflows, sewer collapse and cross connections) by using the methodology 
outlined in Chapter 4 of this research can assist in reducing this potential risk. 
Further consideration of nutrient sources in the River Sherbourne, during wet and dry 
weather conditions would also be beneficial; before the requirement for nutrient removal 
under the Urban Wastewater Treatment Directive (911271IEEC) is applied to smaller 
sewage treatment plants in the vicinity, and before the programme of measures for 'at 
risk' watercourses, as required by the Water Framework Directive (2000/60/ EC), 
reaches a local level of implementation. 
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Industrial wastewaters, including treatment standards and nutrient removal 
• Discharge of Dangerous Substances Directive (76/464IEEC) - prevention (List I) and 
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Swan Lane Culvert/ Gulson Road run 1.  6 – 11 January 1999 
Finham Rainfall 
Swan Lane/ Gulson Road Run1 Finham Rainfall (mm)  6-11 January 1999
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Top of Gulson Road 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Swan Lane Culvert/ Gulson Road run 2. 13-24 January 1999 
Finham Rainfall 
Swan Lane/ Gulson Rd Run 2 Finham Rainfall (mm) 13-24 January 1999
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a)Top of Gulson Road 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Gulson Road Manhole 799 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Clara Street 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Swan Lane Culvert 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) Swan Lane Culvert Hood Street 
 
 
Swan Lane Culvert/ Gulson Road run 3. 29 January to 9 February 1999 
Finham Rainfall 
Swan Lane/ Gulson Rd Run 3 Finham Rainfall (mm) 29/1/99 to 9/2/99
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a) Swan Lane Culvert manhole 796 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) King Edward Road 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Swan Lane Culvert Berry Street 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Swan Lane Culvert Hood Street manhole 201 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Swan Lane Culvert/ Gulson Road run 4. 17-26 February 1999 
Finham Rainfall 
Swan Lane/ Gulson Rd Run 4 Finham Rainfall (mm) 17-26 February 1999
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 Swan Lane Culvert manhole 796 
 
Springfield brook run1 12 December 1997 to 2 February 1998  
Finham Rainfall 
 
 
 
 
 
 
 
 
 
 
 
a) Bowness Close 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                            Data period for this site is 12-20 December only 
                              
 
 
 
Springfield Brook Run 1 Finham Rainfall (mm) 12/12/97 to 2/1/97 
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b)Christopher Cash  School 
 
 
 
 
 
 
                                                                                                                                             Data period for this site is 12-22 December only 
 
 
 
 
 
 
 
 
 
c) Courtaulds 
 
 
 
 
 
 
 
 
 
 
 
 
d) Cash’s Lane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) Planet Carpark 
 
 
 
 
 
 
 
 
 
 
 
Springfield Brook Run 1 Finham Rainfall (mm) 12/12/97 to 2/1/97 
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Springfield brook run2 2 –9 March 1998  
Finham Rainfall 
Springfield Brook Run 2 Finham Rainfall mm 2-9/3/98
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a) Courtaulds 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Springfield brook run2 2 –9 March 1998  
b) Cash’s Lane 
b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Springfield Place 
 
 
 
Springfield brook run3 24 March to 2 April 1998  
Finham Rainfall 
Springfield Brook Run3 Finham Rainfall (mm) 24/3/98 to 13/4/98
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a) Courtaulds 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Springfield Place 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Planet Carpark 
 
 
Springfield brook run4 29 July to 2 August 1998  
Finham Rainfall 
Springfield Brook Run 4 Finham Rainfall mm  29/7/98 to 8/8/98 
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a) Courtaulds  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) Cash’s Lane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Springfield brook run5 14 -24 August 1998  
Finham Rainfall 
Springfield Brook Run 5 Finham Rainfall (mm)14-24 August 1998 
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a) Courtaulds manhole 891 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Cash’s Lane 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Springfield Place manhole 6999 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Planet Carpark 
 
Springfield brook run6 23 March to 10 April 2001  
Finham Rainfall 
Springfield Brook Run 6 Finham Rainfall (mm) 23/3/01 to 10/4/01
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a) Springfield Brook Dickens Rd 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Springfield Brook Borrowdale Close  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Springfield Brook Guardhouse lane  
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Springfield Brook Owenford Road 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) Springfield Brook Kingfield Road 
 
 
 
 
 
 
 
 
 
 
 
 
f) Springfield Brook Cash’s Lane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
g) Springfield Brook Planet Carpark 
 
 
Hall Brook run 1. 2-12 September 1998 
Finham Rainfall 
Hall Brook Run 1 Finham Rainfall (mm) 2-12 September 1998
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a) Hall Brook St Paul’s Cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Hall Brook Kirkdale Avenue manhole 913  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Hall Brook Foleshill Gasworks 
 
 
Hall Brook run 10. 2-18 June 2000 
Finham Rainfall 
Hall Brook Run 10 Finham Rainfall (mm) 2-19 June 2000
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a) Hall Brook Foleshill Park Upstream of  Dunlop Interceptor 
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b) Hall Brook Foleshill Park Downstream of Dunlop Interceptor 
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Hall Brook run 11. 29 June to 9 July 2000 
Finham Rainfall 
Hall Brook Run 11 Finham Rainfall (mm) 29/6/00 to 9/7/00
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 a) Hall Brook Dunlop site drainage 
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b) Hall Brook Holbrook lane manhole 534 Dunlop Arm 
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Hall Brook run 2. 23 September to 3 October 1998 
Finham Rainfall 
Hall Brook Run 2 Finham Rainfall (mm)  23/9/98 to 3/10/98
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a) Hall Brook Hen Lane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Hall Brook Marshdale Avenue manhole 115 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Hall Brook Marshdale Avenue manhole 113 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) A444 manhole 143 
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f) Hall Brook Doyle Drive 
 
Hall Brook run 3. 16-26 October 1998 
Finham Rainfall 
Hall Brook Run 3 Finham Rainfall 16-26 October 1998
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a) Hall Brook Lythalls Lane manhole 971 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Hall Brook Marlissa Drive (side arm from industrial estate) 
 
a) Hall Brook Marshdale Avenue manhole 115 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Hall Brook Marshdale Avenue manhole 113 (Dunlop arm) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Hall Brook Hen lane manhole 052 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) Hall Brook  Marshdale Avenue manhole 115 Colliery sidings 
 
Hall Brook run 4. 5-15 August 1999 
Finham Rainfall 
 
Hall Brook Run 4 Finham Rainfall (mm)  5-15 August 1999
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a) Hall Brook Lythalls Lane manhole 971 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Hall Brook Marlissa Drive Surface Water sewer outfall 
 
c) Hall Brook Marshdale Avenue manhole 115 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     c) Marshdale Avenue Dunlop arm manhole 113  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Hall Brook Hen Lane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) Hall Brook  Marshdale Avenue manhole 114 
  
 
 
 
 
 
 
Hall Brook run 5. 6-12 December 1999 
Finham Rainfall 
Hall Brook Run 5 Finham Rainfall (mm) 6-13 December 1999
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a) Hall Brook St Paul’s Cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Hall Brook Lythalls Lane manhole 971 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Hall Brook Marshdale Avenue Dunlop Arm 
 
 
 
 
 
 
 
 
 
 
 
 
 
     d) Hall Brook Hen Lane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d) Hall Brook Marshdale Avenue Parkgate Arm 
 
 
 
 
 
 
 
 
 
Hall Brook run 6. 14-21 January 2000 
Finham Rainfall 
Hall Brook Run 6 Finham Rainfall mm 14- 24 January 2000
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a) Hall Brook Lythalls Lane manhole 973 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Hall Brook  Allied Close manhole 082 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Hall Brook Stadium Close Gattic cover 
 
 
 
 
 
 
 
 
 
 
 
 
 
     d) Hall Brook Dunster Place Gattic cover 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hall Brook run 7. 11-21 February 2000 
Finham Rainfall 
Hall Brook Run 7 Finham Rainfall (mm) 11-21 February 2000
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a) Hall Brook Lythalls Lane manhole 971 
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b) Hall brook Lythalls Lane manhole 974 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Hall Brook Allied Close gattic cover manhole 082 
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d) Hall Brook Stadium Close gattic cover 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e)  Hall Brook  Dunster place 
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Hall Brook run 8. 10-20 March 2000 
Finham Rainfall 
Hall Brook Run 8 Finham Rainfall (mm) 
10-20 March 2000
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a) Hall Brook  St Paul’s Cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Hall Brook  Dunster place 01:00 01:00 01:00 01:00 01:00 01:00
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-0.10
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-1.0
2.0
5.0
8.0
11.0
 AmmoniumN(mg/L)
 DateTime(M/D/Y)
03/10/00 03/12/00 03/14/00 03/16/00 03/18/00 03/20/00
b) Hall brook Holbrook Lane manhole 544 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Hall Brook  Lane manhole 534 Dunlop Arm 
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Hall Brook run 9. 12-22 May 2000 
Finham Rainfall 
Hall Brook Run 9 Finham Rainfall (mm) 12-22 May 2000
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a) Hall Brook  St Paul’s Cemetery 
 
 
 
 
 
 
Data period for this site is 17 – 22 May only 
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b) Hall brook Holbrook Lane manhole 544 Dunlop Arm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) Hall brook Holbrook Lane manhole 533 
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d) Hall Brook Holbrook Lane manhole 534 Dunlop Arm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) Hall Brook  Foleshill Park upstream of Dunlop Interceptor 
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f) Hall Brook Foleshill Park downstream of Dunlop Interceptor 
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Albany Road Early data run1. 3-14 October 1996 
Finham Rainfall 
Albany Road early data 1 Finham Rainfall (mm) 3-14 October 1996
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a) 
a) River Sherbourne Waveley Road  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  Dissolved Oxygen (% saturation)  
b) River Sherbourne Rudge Road 4-14 October 1996 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  Dissolved Oxygen  (% saturation)  
 
 Ammonium  (mgl-1) 
Albany Road Early data run2. 16-28 October 1996 
Finham Rainfall 
Albany Rd early data 2 Finham Rainfall (mm) 16-28 October 1996
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a) River Sherbourne Waveley Road  
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  Dissolved Oxygen  (% saturation)  
                                  Ammonium  (mgl-1) 
 
 
b) River Sherbourne Rudge Road   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  Dissolved Oxygen  (% saturation)  
 
 Ammonium  (mgl-1) 
Albany Road Early data run3. 1-12 November 1996 
Finham Rainfall 
Albany Rd early data 3 Finham Rainfall (mm) 1-12 November 1996
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a) River Sherbourne Waveley Road  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  Dissolved Oxygen  (% saturation)  
                                  Ammonium  (mgl-1) 
b) River Sherbourne Rudge Road   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  Dissolved Oxygen  (% saturation)  
 
 Ammonium  (mgl-1) 
Albany Road Early data run4. 12-26 November 1996 
Finham Rainfall 
a) 12-26 November 1996 
Abany Rd early data 4a Finham Rainfall (mm) 12-26 November 1996
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a) River Sherbourne Waveley Road  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key:  Dissolved Oxygen  (% saturation)  
                       Ammonium  (mgl-1) 
Finham Rainfall 
a) 12-20 November 1996 
 
 
 
 
 
 
Key:  Dissolved Oxygen  (% saturation)  
                                  Ammonium  (mgl-1) 
 
 
 
 
b) River Sherbourne Rudge Road 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abany Rd early data 4b Finham Rainfall (mm) 12-20 November 1996
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Key:   Dissolved Oxygen  (% saturation)  
                       Ammonium  (mgl-1) 
Albany Road Early data run5. 2-8 April 1997 
Finham Rainfall 
River Sherbourne Rudge Road   
Albany early data Run 5 Rudge Road 2-8 April 1997 
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Finham Rainfall 2- 8 April 1997
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Albany Road Early data run6. 11-14 April 1997 
 Finham Rainfall 
River Sherbourne Rudge Road  a) Dissolved oxygen 
Waveley Rd 11- 14 April 1997  Dissolved Oxygen  (% saturation)  
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Finham Rainfall 11- 14 April 1997
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b) Ammonium 
Waveley Rd 11- 14 April 1997 Ammonium (N)(mgl-1)
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River Sherbourne Rudge Road a) Dissolved Oxygen 
Rudge Rd  11- 14 April 1997 Dissolved Oxygen (DO) (mgl-1)
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b) Ammonium 
 
Rudge Rd 11- 14 April 1997 Ammonium(N) (mgl-1)
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Charterhouse not added asyet 
 
 
 
 
 
 
 
Albany Road Early data run7. 8-19 August 1997 
Finham Rainfall 
Albany Road early data 7 Finham Rainfall (mm) 8-19 August 1997 
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a) River Sherbourne Waveley Road  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) River Sherbourne Rudge Road 
 
 
 
 
 
 
 
 
 
 
 
 
 
Albany Road Early data run8. 2-16 September 1997 
Finham Rainfall 
Albany Rd early data 8 Finham Rainfall (mm) 2-16 September 1997
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Pre-remedial continuous monitors, October 1999 to September 2000 
Run a) 1- 14 October 1999 (Gulson Road only – Vincent Rd monitor failure) 
Run a) Finham Rainfall (mm) 1-14 October 1999
0
1
2
3
4
5
6
7
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
16
:0
0  
08
:0
0
time (h:m)
m
m
 
 
Run a) 1- 10 October 1999 Gulson Rd DO  (% saturation)
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Run a) 1- 10 October 1999 Gulson Rd AmmoniumN  (mgl-1)
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Run a) 1- 10 October 1999 Gulson Rd pH
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Run a) 1- 10 October 1999 Gulson Rd SpCond (mScm-1)
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Auto 1 Humber Avenue 2-3 March 2000 
a) Rainfall 
 
Humber Ave Rainfall  Auto 1  02-03-00
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b) Biochemical Oxygen Demand 
Humber Ave BOD  Auto 1  02-03-00
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c) Ammonia 
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d) Suspended Solids 
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e) Ortho-phosphate 
Humber Ave ortho-phosphate  Auto 1  02-03-00
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f) pH 
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g) Cadmium 
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h) Chromium 
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i) Copper 
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j) Zinc 
Humber Ave Zinc  Auto 1  02-03-00
0
50
100
150
200
250
14
:00
15
:00
16
:00
17
:00
18
:00
19
:00
20
:00
21
:00
22
:00
23
:00
00
:00
01
:00
02
:00
03
:00
04
:00
05
:00
06
:00
07
:00
08
:00
09
:00
10
:00
11
:00
12
:00
time (hours)
ug
l-1
Zinc ugl-1
 
 
 
k) Nickel 
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Auto 3 Humber Avenue 15-16 March 2000 – dry weather event  
a) Rainfall 
Humber Ave Rainfall Auto 3 15-03-00
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b) Biochemical Oxygen Demand BOD 
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c) Ammonia 
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Dry period 
 
 
d) Suspended Solids 
Humber Ave Suspended Solids  Auto 3 15-03-00
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e) Ortho-phosphates 
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f) pH 
Humber Ave pH  Auto 3 15-03-00
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g) Cadmium 
Humber Ave Cadmium  Auto 3 15-03-00
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h) Chromium 
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i) Copper 
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j) Zinc 
Humber Ave Zinc  Auto 3 15-03-00
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h) Nickel 
Humber Ave Nickel Auto 3 15-03-00
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Auto 3 Continuous monitor 15 – 16 March 2000 
Meadow Street 15-16 March 2000 Continuous DO (% saturation)
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Humber Avenue 15-16 March 2000 Continuous DO (% saturation)
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Meadow Street 15-16 March 2000
Continuous Ammonium (N) (mgl-1)
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Humber Avenue 15-16 March 2000 Continuous Ammonium (N) (mgl-1)
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Meadow Street 15-16 March 2000 Continuous Monitor pH (pH units)
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Humber Avenue 15-16 March 2000
Continuous Monitor pH (pH units)
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Meadow Street 15-16 March 2000
Continuous Specific Conductivity (mScm-1)
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Humber Avenue 15-16 March 2000
Continuous Specific Conductivity (mScm-1)
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Auto4 – no continuous monitor runs 
 
Auto 4 Humber Avenue 23-24  March 2000  
a) Rainfall 
Humber Ave Nickel Auto 4  23-03-00
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b) Biochemical Oxygen Demand BOD 
Humber Ave BOD  Auto 4  23-03-00
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c) Ammonia 
Humber Ave Ammonia  Auto 4  23-03-00
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d) Suspended Solids 
Humber Ave Suspended Solids  Auto 4  23-03-00
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e) Ortho-phosphate 
Humber Ave ortho-phosphate  Auto 4  23-03-00
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f) pH 
Humber Ave pH  Auto 4  23-03-00
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g) Cadmium 
Humber Ave Cadmium  Auto 4  23-03-00
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h) Chromium 
Humber Ave Chromium  Auto 4  23-03-00
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i) Copper 
Humber Ave Copper Auto 4  23-03-00
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j) Zinc 
Humber Ave Zinc Auto 4  23-03-00
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k) Nickel 
Humber Ave Nickel Auto 4  23-03-00
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Run c) 29 June 2000 
Finham 29 June- 9 July 2000
Rainfall (mm)
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Meadow Street 29 June- 9 July 2000
Continuous DO (% saturation)
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Humber Avenue 29 June- 9 July 2000
Continuous DO (% saturation)
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Meadow Street 29 June - 9 July 2000
Continuous Ammonium (N) (mgl-1)
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Humber Avenue 29 June - 9 July 2000
Continuous Ammonium (N) (mgl-1)
0
0.5
1
1.5
2
2.5
3
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
22
:0
0:
00
04
:0
0:
00
10
:0
0:
00
16
:0
0:
00
time (h:m:s)
m
gl
-1
 
Meadow Street 29 June - 9 July 2000
Continuous Monitor pH (pH units)
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Humber Avenue 29 June - 9 July 2000
Continuous Monitor pH (pH units)
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Meadow Street 29 June - 9 July 2000
Continuous Specific Conductivity (mScm-1)
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Humber Avenue 29 June - 9 July 2000
Continuous Specific Conductivity (mScm-1)
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Meadow Street 29 June- 9 July 2000
Continuous Temperature (degrees Centigrade)
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Humber Avenue 29 June- 9 July 2000
Continuous Temperature (degrees Centigrade)
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Auto 5 Humber Avenue 28-29 September 2000  - no rainfall locally. No metals determination 
a) Rainfall 
Finham Rainfall  Auto 5  28-09-00
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ai) River depth 
Humber Ave River Depth Auto 5 28-09-00      
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aii)  River  Velocity 
 
Humber Ave River Velocity Auto 5 28-09-00      
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aiii) River Flow 
Humber Ave River Flow Auto 5 28-09-00      
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b) Biochemical Oxygen Demand 
Humber Ave BOD  Auto 5  28-09-00
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c) Ammonia 
Humber Ave Ammonia  Auto 5  28-09-00
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d) Suspended Solids – no data collected 
e) Ortho-phosphate 
Humber Ave ortho-phosphate  Auto 5  28-09-00
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f) pH 
Humber Ave pH  Auto 5  28-09-00
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Auto5 Continuous monitors 
Meadow Street 28- 29 September 2000
Continuous DO (% saturation)
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Humber Avenue 28- 29 September 2000
Continuous DO (% saturation)
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Meadow Street 28- 29 September 2000
Continuous Ammonium (N) (mgl-1)
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Humber Avenue 28- 29 September 2000
Continuous Ammonium (N) (mgl-1)
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Meadow Street 28- 29 September 2000
Continuous Monitor pH (pH units)
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Humber Avenue 28- 29 September 2000
Continuous Monitor pH (pH units)
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Meadow Street 28- 29 September 2000
Continuous Specific Conductivity (mScm-1)
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Humber Avenue 28- 29 September 2000
Continuous Specific Conductivity (mScm-1)
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Continuous monitor run e)  16- 23 October 2000 
Finham rainfall (mm) 16- 23 October 2000
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Meadow Street 16- 23 October 2000
Continuous DO (% saturation)
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Humber Avenue 16- 23 October 2000
Continuous DO (% saturation)
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Meadow Street 16- 23 October 2000
Continuous Ammonium (N) (mgl-1)
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Humber Avenue 16- 23 October 2000
Continuous Ammonium (N) (mgl-1)
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Meadow Street 16- 23 October 2000
Continuous Monitor pH (pH units)
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Humber Avenue 16- 23 October 2000
Continuous Monitor pH (pH units)
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Meadow Street 16- 23 October 2000
Continuous Specific Conductivity (mScm-1)
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Humber Avenue 16- 23 October 2000
Continuous Specific Conductivity (mScm-1)
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C5 Depth and Continuous monitors 
C5 Flow 07-15/05/01 Humber Ave Depth (cm)      
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Finham 30 April to 15 May 2001
Rainfall (mm) C5
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Humber Avenue 30 April to 15 May 2001
Continuous DO (% saturation) C5
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Meadow Street 30 April to 15 May 2001
Continuous DO (% saturation) C5
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Humber Avenue 30 April to 15 May 2001
Continuous Ammonium (N) (mgl-1) C5
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Meadow Street 30 April to 15 May 2001
Continuous Ammonium (N) (mgl-1) C5
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Humber Avenue 30 April to 15 May 2001
Continuous Monitor pH (pH units) C5
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Meadow Street  30 April to 15 May 2001
Continuous Monitor pH (pH units) C5
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Humber Avenue 30 April to 15 May 2001
Total Dissolved Solids (gl-1) C5
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Meadow Street  30 April to 15 May 2001
Total Dissolved Solids (gl-1) C5
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Humber Avenue 30 April to 15 May 2001
Temperature (Degrees Centigrade) C5
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Meadow Street  30 April to 15 May 2001
Temperature (Degrees Centigrade) C5
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C6 Depth and Continuous monitors 
C6 Flow 17/05-06/06/01 Humber Ave Depth (cm)     
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Finham  17 May to 6 June 2001
Rainfall (mm) C6
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Humber Avenue 17 May to 6 June 2001
Continuous DO (% saturation) C6
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Meadow Street 17 May to 6 June 2001
Continuous DO (% saturation) C6
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Humber Avenue 17 May to 6 June  2001
Continuous Ammonium (N) (mgl-1) C6
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Meadow Street 17 May to 6 June  2001
Continuous Ammonium (N) (mgl-1) C6
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Humber Avenue 17 May to 6 June 2001
Continuous Monitor pH (pH units) C6
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Meadow Street 17 May to 6 June 2001
Continuous Monitor pH (pH units) C6
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Humber Avenue 17 May to 6 June 2001
Total Dissolved Solids (gl-1) C6
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Meadow Street 17 May to 6 June 2001
Total Dissolved Solids (gl-1) C6
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Humber Avenue 17 May to 6 June 2001
Temperature (Degrees Centigrade) C6
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Meadow Street 17 May to 6 June 2001
Temperature (Degrees Centigrade) C6
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C7 Depth and Continuous monitors 
C7 Flow 06-16/06/01 Humber Ave Depth (cm)  
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Finham 6 to 29 June 2001
Rainfall (mm) C7
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Humber Avenue 6 to 29 June 2001
Continuous DO (% saturation) C7
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Meadow Street  6 to 29 June 2001
Continuous DO (% saturation) C7
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Humber Avenue 6 to 29 June 2001
Continuous Ammonium (N) (mgl-1) C7
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Meadow Street 6 to 29 June 2001
Continuous Ammonium (N) (mgl-1) C7
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Humber Avenue 6 to 29 June 2001
Continuous Monitor pH (pH units) C7
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Meadow Street  6 to 29 June 2001
Continuous Monitor pH (pH units) C7
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Humber Avenue 6 to 29 June 2001
Total Dissolved Solids (gl-1) C7
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Meadow Street  6 to 29 June 2001
Total Dissolved Solids (gl-1) C7
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Humber Avenue 6 to 29 June 2001
Temperature (Degrees Centigrade) C7
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Meadow Street  6 to 29 June 2001
Temperature (Degrees Centigrade) C7
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C8 Depth and Continuous monitors 
C8 Flow 02-27/07/01 Humber Ave Depth (cm)    
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Finham  29 June to 27 July 2001
Rainfall (mm) C8
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Humber Avenue 29 June to 27 July 2001
Continuous DO (% saturation) C8
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Meadow Street  29 June to 27 July 2001
Continuous DO (% saturation) C8
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Humber Avenue 29 June to 27 July  2001
Continuous Ammonium (N) (mgl-1) C8
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Meadow Street  29 June to 27 July  2001
Continuous Ammonium (N) (mgl-1) C8
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Humber Avenue 29 June to 27 July  2001
Continuous Monitor pH (pH units) C8
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Meadow Street 29 June to 27 July  2001
Continuous Monitor pH (pH units) C8
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Humber Avenue 29 June to 27 July  2001
Total Dissolved Solids (gl-1) C8
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Meadow Street 29 June to 27 July  2001
Total Dissolved Solids (gl-1) C8
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Humber Avenue 29 June to 27 July  2001
Temperature (Degrees Centigrade) C8
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Meadow Street 29 June to 27 July  2001
Temperature (Degrees Centigrade) C8
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C9 Depth and Continuous monitors 
C9 Flow 27/07-18/08/01 Humber Ave Depth (cm)     
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Humber Avenue 27 July to 18 August  2001
Continuous DO (% saturation) C9
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Meadow Street  27 July to 18 August  2001
Continuous DO (% saturation) C9
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Humber Avenue 27 July to 18 August  2001
Continuous Ammonium (N) (mgl-1) C9
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Meadow Street  27 July to 18 August  2001
Continuous Ammonium (N) (mgl-1) C9
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Humber Avenue 27 July to 18 August  2001
Continuous Monitor pH (pH units) C9
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Meadow Street  27 July to 18 August  2001
Continuous Monitor pH (pH units) C9
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Humber Avenue 27 July to 18 August  2001
Total Dissolved Solids (gl-1) C9
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Meadow Street  27 July to 18 August  2001
Total Dissolved Solids (gl-1) C9
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Humber Avenue 27 July to 18 August  2001
Temperature (Degrees Centigrade) C9
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Meadow Street  27 July to 18 August  2001
Temperature (Degrees Centigrade) C9
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C10 Depth and Continuous monitors 
C10 Flow 17-29/08/01 Humber Ave Depth (cm)     
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Humber Avenue 17 to 29 August  2001
Continuous DO (% saturation) C10
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Meadow Street 17 to 29 August  2001
Continuous DO (% saturation) C10
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Humber Avenue 17 to 29 August  2001
Continuous Ammonium (N) (mgl-1) C10
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Meadow Street 17 to 29 August  2001
Continuous Ammonium (N) (mgl-1) C10
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Humber Avenue 17 to 29 August  2001
Continuous Monitor pH (pH units) C10
7
7.2
7.4
7.6
7.8
8
8.2
8.4
8.6
10
:3
0:
00
18
:1
5:
00
02
:0
0:
00
09
:4
5:
00
17
:3
0:
00
01
:1
5:
00
09
:0
0:
00
16
:4
5:
00
00
:3
0:
00
08
:1
5:
00
16
:0
0:
00
23
:4
5:
00
07
:3
0:
00
15
:1
5:
00
23
:0
0:
00
06
:4
5:
00
14
:3
0:
00
22
:1
5:
00
06
:0
0:
00
13
:4
5:
00
21
:3
0:
00
05
:1
5:
00
13
:0
0:
00
20
:4
5:
00
04
:3
0:
00
12
:1
5:
00
20
:0
0:
00
03
:4
5:
00
11
:3
0:
00
19
:1
5:
00
03
:0
0:
00
10
:4
5:
00
18
:3
0:
00
02
:1
5:
00
10
:0
0:
00
17
:4
5:
00
01
:3
0:
00
09
:1
5:
00
time (h:m:s)
pH
 u
ni
ts
 
 
Meadow Street 17 to 29 August  2001
Continuous Monitor pH (pH units) C10
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Humber Avenue 17 to 29 August  2001
Total Dissolved Solids (gl-1) C10
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Meadow Street 17 to 29 August  2001
Total Dissolved Solids (gl-1) C10
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Humber Avenue 17 to 29 August  2001
Temperature (Degrees Centigrade) C10
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Meadow Street 17 to 29 August  2001
Temperature (Degrees Centigrade) C10
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C11 Depth and Continuous Monitors 
Depth 
C11 30/08- 15/10/01 Humber Ave Depth (cm)     
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Meadow Street Continuous DO 
Meadow Street  29 August to 15 October  2001
Continuous DO (% saturation) C11
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Humber Ave Continuous DO 
Humber Avenue 29 August to 15 October  2001
Continuous DO (% saturation) C11
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Meadow Street Continuous Ammonium 
Meadow Street  29 August to 15 October  2001
Continuous Ammonium (N) (mgl-1) C11
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Humber Avenue Continuous Ammonium 
Humber Avenue 29 August to 15 October  2001
Continuous Ammonium (N) (mgl-1) C11
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Meadow Street Continuous pH 
Meadow Street  29 August to 15 October  2001
Continuous Monitor pH (pH units) C11
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Humber Avenue Continuous pH 
Humber Avenue 29 August to 15 October  2001
Continuous Monitor pH (pH units) C11
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Meadow Street Continuous Total Dissolved Solids 
Meadow Street  29 August to 15 October  2001
Total Dissolved Solids (gl-1) C11
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
19
:0
0:
00
00
:4
5:
00
06
:3
0:
00
12
:1
5:
00
18
:0
0:
00
23
:4
5:
00
05
:3
0:
00
11
:1
5:
00
17
:0
0:
00
22
:4
5:
00
04
:3
0:
00
10
:1
5:
00
16
:0
0:
00
21
:4
5:
00
03
:3
0:
00
09
:1
5:
00
15
:0
0:
00
20
:4
5:
00
02
:3
0:
00
08
:1
5:
00
14
:0
0:
00
19
:4
5:
00
01
:3
0:
00
07
:1
5:
00
13
:0
0:
00
18
:4
5:
00
00
:3
0:
00
06
:1
5:
00
12
:0
0:
00
17
:4
5:
00
23
:3
0:
00
05
:1
5:
00
11
:0
0:
00
16
:4
5:
00
22
:3
0:
00
04
:1
5:
00
10
:0
0:
00
15
:4
5:
00
time (h:m:s)
gl
-1
 
Humber Avenue Continuous Total Dissolved Solids 
Humber Avenue 29 August to 15 October  2001
Total Dissolved Solids (gl-1) C11
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Meadow Street Continuous Temperature 
Meadow Street  29 August to 15 October  2001
Temperature (Degrees Centigrade) C11
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Humber Avenue Continuous Temperature 
Humber Avenue 29 August to 15 October  2001
Temperature (Degrees Centigrade) C11
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Continuous monitor run f)  30 October – 13 November 2000 (meadow Street monitor stolen) 
Finham Rainfall (mm) 30 October- 13 November 2000
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Humber Avenue 30 October- 13 November 2000 Continuous DO (% saturation)
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Humber Avenue 30 October- 13 November 2000
Continuous Ammonium (N) (mgl-1)
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Humber Avenue 30 October- 13 November 2000
Continuous Monitor pH (pH units)
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Humber Avenue 30 October- 13 November 2000
Continuous Specific Conductivity (mScm-1)
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Auto 6 Humber Avenue 6-7 December 2000   
a) Rainfall 
Humber Ave Rainfall  Auto 6  06-12-00
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Dry period 
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ai) River Flow 
Humber river flow  Auto 6  06-12-00
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aii) River Velocity 
Humber river velocity  Auto 6  06-12-00
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Dry period 
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b) Biochemical Oxygen Demand BOD 
Humber Ave BOD Auto 6  06-12-00
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c) Ammonia 
Humber Ave Ammonia  Auto 6  06-12-00
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d) Suspended Solids 
Humber Ave Suspended Solids  Auto 6  06-12-00
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e) Ortho-phosphate 
Humber Ave ortho-phosphate  Auto 6  06-12-00
0
0.2
0.4
0.6
0.8
1
15
:00
16
:00
17
:00
18
:00
19
:00
20
:00
21
:00
22
:00
23
:00
00
:00
01
:00
02
:00
03
:00
04
:00
05
:00
06
:00
07
:00
08
:00
09
:00
10
:00
11
:00
12
:00
13
:00
14
:00
time (hours)
m
gl
-1
Ortho-P mgl-1
 
 
 
 
 
 
Dry period 
 
 
rain 
 
 
Dry period 
 
 
f) pH 
Humber Ave pH  Auto 6  06-12-00
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Auto6 Continuous monitors (dissolved oxygen probe at Meadow St malfunction) – dry weather  
 
Humber Avenue 6-7 December 2000
Continuous DO (% saturation)
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Meadow Street 6-7 December 2000
Continuous Ammonium (N) (mgl-1)
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Humber Avenue 6-7 December 2000
Continuous Ammonium (N) (mgl-1)
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Meadow Street 6- 7 December 2000
Continuous Monitor pH (pH units)
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Humber Avenue 6- 7 December 2000
Continuous Monitor pH (pH units)
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Meadow Street 6- 7 December 2000
Continuous Specific Conductivity (mScm-1)
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Humber Avenue 6- 7 December 2000
Continuous Specific Conductivity (mScm-1)
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Auto 7 Humber Avenue 19-20 December 2000   
a) Rainfall 
Humber Ave Rainfall Auto 7 19-12-00
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ai) River depth  (Equipment affected by debris) flow and velocity not identified 
Humber Avenue River Depth Auto 7 19-12-00   
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b) Biochemical Oxygen Demand (BOD) 
Humber Ave BOD Auto 7 19-12-00
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c) Ammonia 
Humber Ave Ammonia Auto 7 19-12-00
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d) Suspended Solids 
Humber Ave Suspended Solids Auto 7 19-12-00
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e) Ortho-phosphate 
Humber Ave ortho-phosphate Auto 7 19-12-00
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f) pH 
Humber Ave pH Auto 7 19-12-00
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g) Cadmium 
Humber Ave Cadmium Auto 7 19-12-00
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h) Chromium 
Humber Ave Chromium Auto 7 19-12-00
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i) Copper 
Humber Ave Copper Auto 7 19-12-00
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j) Zinc 
Humber Ave Zinc Auto 7 19-12-00
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k) Nickel 
Humber Ave Nickel Auto 7 19-12-00
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Auto7 Continuous monitors 19- 20 December 2000 
Meadow Street 19-20 December 2000
Continuous DO (% saturation)
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Humber Avenue 19-20 December 2000
Continuous DO (% saturation)
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Meadow Street 19-20 December 2000
Continuous Ammonium (N) (mgl-1)
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Humber Avenue 19-20 December 2000
Continuous Ammonium (N) (mgl-1)
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Meadow Street 19-20 December 2000
Continuous Monitor pH (pH units)
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Humber Avenue 19-20 December 2000
Continuous Monitor pH (pH units)
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Meadow Street 19-20 December 2000
Continuous Specific Conductivity (mScm-1)
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Humber Avenue 19-20 December 2000
Continuous Specific Conductivity (mScm-1)
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C1 Depth and Continuous monitors 
C1 Flow 30/01/01-23/02/01 Humber Ave Depth (cm)      
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Finham 30 January to 23 February 2001
Rainfall (mm) C1
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Humber Avenue 30 January to 23 February 2001
Continuous DO (% saturation) C1
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Meadow Street 30 January to 23 February 2001
Continuous DO (% saturation) C1
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Humber Avenue 30 January to 23 February 2001
Continuous Ammonium (N) (mgl-1) C1
0
0.1
0.2
0.3
0.4
0.5
0.6
16
:0
0
06
:0
0
20
:0
0
10
:0
0
00
:0
0
14
:0
0
04
:0
0
18
:0
0
08
:0
0
22
:0
0
12
:0
0
02
:0
0
16
:0
0
06
:0
0
20
:0
0
10
:0
0
00
:0
0
14
:0
0
04
:0
0
18
:0
0
08
:0
0
22
:0
0
12
:0
0
02
:0
0
16
:0
0
06
:0
0
20
:0
0
10
:0
0
00
:0
0
14
:0
0
04
:0
0
18
:0
0
08
:0
0
22
:0
0
12
:0
0
02
:0
0
16
:0
0
06
:0
0
20
:0
0
10
:0
0
00
:0
0
14
:0
0
time (h:m:s)
m
gl
-1
 
 
Meadow Street 30 January to 23 February 2001
Continuous Ammonium (N) (mgl-1) C1
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Humber Avenue 30 January to 23 February 2001
Continuous Monitor pH (pH units) C1
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Meadow Street 30 January to 23 February 2001
Continuous Monitor pH (pH units) C1
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Humber Avenue 30 January to 23 February 2001
Continuous Specific Conductivity (mScm-1) C1
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Meadow Street 30 January to 23 February 2001
Continuous Specific Conductivity (mScm-1) C1
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Humber Avenue 30 January to 23 February 2001
Temperature (Degrees centigrade) C1
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Meadow Street 30 January to 23 February 2001
Temperature (Degrees centigrade) C1
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Auto 8 Humber Avenue 9-10 March 2001 
a) Rainfall 
Rainfall Finham Auto 8 09-03-01
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Dry period 
 
 
ai) River Depth 
Humber Ave river depth Auto 8 09-03-01
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b) Biochemical Oxygen Demand (BOD) 
Humber Ave BOD Auto 8 09-03-01
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Dry period 
 
 
c) Ammonia 
Humber Ave Ammonia Auto 8 09-03-01
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d) Suspended Solids 
Humber Ave Suspended Solids Auto 8 09-03-01
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e) Total Oxidised Nitrogen 
Humber Ave TON Auto 8 09-03-01
0
2
4
6
8
13
:30
14
:30
15
:30
16
:30
17
:30
18
:30
19
:30
20
:30
21
:30
22
:30
23
:30
00
:30
01
:30
02
:30
03
:30
04
:30
05
:30
06
:30
07
:30
08
:30
09
:30
10
:30
11
:30
12
:30
13
:30
time (hours)
m
gl
-1
TON mgl-1
 
f) Ortho-phosphate 
Humber Ave ortho-phosphate Auto 8 09-03-01
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g) Total Phosphate 
Humber Ave Total P Auto 8 09-03-01
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h) pH 
Humber Ave pH Auto 8 09-03-01
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i) Cadmium 
Humber Ave Cadmium Auto 8 09-03-01
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j) Chromium 
Humber Ave Chromium Auto 8 09-03-01
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k) Copper 
Humber Ave Copper Auto 8 09-03-01
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l) Zinc 
Humber Ave Zinc Auto 8 09-03-01
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m) Nickel 
Humber Ave Nickel Auto 8 09-03-01
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n) Lead 
Humber Ave Lead Auto 8 09-03-01
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o) Chloride 
Humber Ave Chloride Auto 8 09-03-01
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C2a  Continuous monitor Results 9- 10 March 2001 
 
Humber Avenue 9- 10 March 2001
Continuous DO (% saturation) C2a
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Meadow Street 9- 10 March 2001
Continuous DO (% saturation) C2a
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Humber Avenue 9- 10 March 2001
Continuous Ammonium (N) (mgl-1) C2a
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Meadow Street  9- 10 March 2001
Continuous Ammonium (N) (mgl-1) C2a
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Humber Avenue 9- 10 March 2001
Continuous Monitor pH (pH units) C2a
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Meadow Street  9- 10 March 2001
Continuous Monitor pH (pH units) C2a
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Humber Avenue 9- 10 March 2001
Total Dissolved Solids (gl-1) C2a
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Meadow Street  9- 10 March 2001
Total Dissolved Solids (gl-1) C2a
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Humber Avenue 9- 10 March 2001
Temperature (Degrees Centigrade) C2a
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Meadow Street  9- 10 March 2001
Temperature (Degrees Centigrade) C2a
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Auto 9 Humber Avenue 12-13 March 2001 
a) Rainfall 
Humber Ave Rainfall Auto 9 12-03-01
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ai) River Level 
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aii) River Flow 
Humber Ave river flow Auto 11 12-03-01
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b) Biochemical Oxygen Demand (BOD) 
Humber Ave Sample BOD Auto 9 12-03-01
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c) Ammonia 
Humber Ave Sample Ammonium Auto 9 12-03-01
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d) Suspended Solids 
Humber Ave Sample Suspended Solids Auto 9 
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e) Total Oxidised Nitrogen (TON) 
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f) Ortho-phosphate 
Humber Ave Sample ortho-phosphate Auto 9 
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g) Total phosphate 
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h) pH 
Humber Ave Sample pH Auto 9 
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i) Cadmium 
Humber Ave Sample Cadmium Auto 9 
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j) Chromium 
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Humber Ave Sample Copper Auto 9 
12-03-01
0
20
40
60
80
14
:00
15
:00
16
:00
17
:00
18
:00
19
:00
20
:00
21
:00
22
:00
23
:00
00
:00
01
:00
02
:00
03
:00
04
:00
05
:00
06
:00
07
:00
08
:00
09
:00
10
:00
11
:00
12
:00
time (hours)
ug
l-1
Copper ugl-1
 
 
 
Dry 
 
 
Rainfall 
 
 
Dry Period 
 
 
Initial storm 
 
 
 
 
 
Second storm 
 
 
Post storm period 
 
 
l) Zinc 
Humber Ave Sample Zinc Auto 9 
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m) Nickel 
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n) Lead 
Humber Ave Sample Lead Auto 9 
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o) Chloride 
Humber Ave Sample Chloride Auto 9 
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C2b  Continuous monitor Results 12- 13 March 2001 
 
Humber Avenue 12- 13 March 2001
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Meadow Street 12- 13 March 2001
Continuous DO (% saturation) C2b
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Humber Avenue 12- 13 March 2001
Continuous Ammonium (N) (mgl-1) C2b
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Meadow Street 12- 13 March 2001
Continuous Ammonium (N) (mgl-1) C2b
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Humber Avenue 12- 13 March 2001
Continuous Monitor pH (pH units) C2b
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Meadow Street 12- 13 March 2001
Continuous Monitor pH (pH units) C2b
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Humber Avenue 12- 13 March 2001
Total Dissolved Solids (gl-1) C2b
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Meadow Street 12- 13 March 2001
Total Dissolved Solids (gl-1) C2b
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Humber Avenue 12- 13 March 2001
Temperature (Degrees Centigrade) C2b
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Meadow Street 12- 13 March 2001
Temperature (Degrees Centigrade) C2b
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Auto 11 Humber Avenue 2-3 April 2001 
a) Rainfall 
Humber Avenue Rainfall
 Auto 11 02-04-01
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ai) River Depth 
Humber Avenue River Depth Auto 11 02-04-01
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b) Biochemical Oxygen Demand 
 
Humber Avenue Sample BOD Auto 11 02-04-01
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c) Ammonia 
Humber Avenue Sample Ammonium Auto 11 
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e) Total Oxidised Nitrogen 
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f) Ortho-phosphate 
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g) Total phosphate 
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h) pH 
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i) Cadmium 
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j) Chromium 
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k) Copper 
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l) Zinc 
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m) Nickel 
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o) Chloride 
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C3 Depth and Continuous monitors 
Humber Avenue River Depth
 Auto 11 02-04-01 C3
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Humber Avenue Rainfall
 Auto 11 02-04-01 C3
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Humber Avenue 2- 3 April 2001
Continuous DO (% saturation) C3
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Meadow Street 2- 3 April 2001
Continuous DO (% saturation)
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Humber Avenue 2- 3 April 2001
Continuous Ammonium (N) (mgl-1) C3
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Meadow Street  2- 3 April 2001
Continuous Ammonium (N) (mgl-1) C3
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Humber Avenue 2- 3 April 2001
Continuous Monitor pH (pH units) C3
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Meadow Street  2- 3 April 2001
Continuous Monitor pH (pH units) C3
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Humber Avenue 2- 3 April 2001
Total Dissolved Solids (gl-1) C3
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Meadow Street  2- 3 April 2001
Total Dissolved Solids (gl-1) C3
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Humber Avenue 2- 3 April 2001
Temperature (Degrees Centigrade) C3
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Meadow Street  2- 3 April 2001
Temperature (Degrees Centigrade) C3
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C4 Depth and Continuous monitors 
 
C4 Flow 09-30/04/01 Humber Ave Depth (cm)      
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Finham 6- 30 April 2001
Rainfall (mm) C4
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Humber Avenue 6- 30 April 2001
Continuous DO (% saturation) C4
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Meadow Street  6- 30 April 2001
Continuous DO (% saturation) C4
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Humber Avenue 6- 30 April 2001
Continuous Ammonium (N) (mgl-1) C4
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Meadow Street  6- 30 April 2001
Continuous Ammonium (N) (mgl-1) C4
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Humber Avenue 6- 30 April 2001
Continuous Monitor pH (pH units) C4
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Meadow Street  6- 30 April 2001
Continuous Monitor pH (pH units) C4
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Humber Avenue 6- 30 April 2001
Total Dissolved Solids (gl-1) C4
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Meadow Street  6- 30 April 2001
Total Dissolved Solids (gl-1) C4
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Humber Avenue 6- 30 April 2001
Temperature (Degrees Centigrade) C4
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Meadow Street  6- 30 April 2001
Temperature (Degrees Centigrade) C4
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Appendix 7.1 Storm event 15th – 17th March 2001.  
 
Figure a) Depth at Humber Avenue 15-17 March 2001 
Humber Avenue River Depth cm (15th to 17th March 2001)
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Figure b) Flow at Humber Avenue 15-17 March 2001 
Humber Avenue Flow rate m3 per second (15th to 17th March 2001)
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Figure c) Rainfall at Humber Avenue 15-17 March 2001 
Coventry Area Rainfall (mm) (15th to 17th March 2001)
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Figure d) Dissolved Oxygen at both sites 15-17 March 2001 
Humber Avenue Dissolved Oxygen (% saturation)
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Figure e) Ammonium results at both sites 15-17 March 2001 
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Figure f) Continuous monitor pH at both sites 15-17 March 2001 
pH continuous measurement March 15-17 2001
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Figure g) Continuous monitor TDS at both sites 15-17 March 2001 
Continuous measurement TDS gl-1 15-17 March 2001
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Figure h) Continuous monitor temperature at both sites 15-17 March 2001 
Temp Continuous measurement (Deg. Celsius)
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Figure i) Auto-sample results – Cu and Zn Humber Ave 15-17 March 2001 
Auto Spot Samples Humber Avenue Copper ugl-1 (15th to 17th March 2001)
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Figure j) Auto-sample results – Pb, Cd and Cr  Humber Ave 15-17 March 2001 
Auto Spot Samples Humber Avenue Lead, Cadmium and Chromium µgl-1 (15th to 17th 
March 2001)
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Figure k) Auto-sample results – Cl, SS and Total P.  Humber Ave 15-17 March 
2001 
Auto Spot Samples Humber Avenue Chloride and SS (mgl-1) and 
Total P (µgl-1) (15th to 17th March 2001)
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Figure l) Auto-sample results – BOD and TON  Humber Ave 15-17 March 2001 
Auto spot Samples Humber avenue BOD(5day) and TON mgl-1 
(15th to 17th March 2001)
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Appendix 7.2: Auto Spot sampling results – Humber Avenue only 
7.2a) Lead 
Auto Spot Samples Humber Avenue Lead ugl-1 (15th to 17th March 2001)
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7.2b) Copper 
Auto Spot Samples Humber Avenue Copper ugl-1 (15th to 17th March 2001)
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7.2c) Cadmium 
Auto Spot samples Humber Avenue Cadmium ugl-1 (15th to 17th March 2001)
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7.2d) Chromium 
 
Auto Spot Samples Humber Avenue Chromium ugl-1 (15th to 17th March)
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7.2e) Zinc 
 
Auto spot samples Humber Avenue Zinc mgl-1 (15th to 17th March 2001)
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7.2f) Chloride 
Auto Spot Samples Humber Avenue Chloride mgl-1 Cl (15th to 17th March 2001)
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7.2g) Total P 
Auto Spot Samples Humber Avenue Total P ugl-1 (15th to 17th March 2001)
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7.2h) Suspended Solids 
Auto spot samples Humber Avenue Suspended Solids mgl-1 (15th to 17th March 2001)
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7.2i) pH 
Auto Spot samples Humber Avenue pH (15th to 17th March 2001)
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7.2j) Biochemical Oxygen Demand (BOD) 
Auto Spot Samples Humber Avenue BOD5day mgl-1 (15th to 17th March)
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7.2k) Total Oxidised Nitrates (TON) 
Auto Spot Samples Humber Avenue TON mgl-1 (15th to 17th March 2001)
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Appendix 7.3: Data collected for storm event at Humber Avenue, 15 –17 March 2001. 
Flow Data 
7.3a) Depth 
Humber Avenue River Depth cm (15th to 17th March 2001)
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7.3b) Flow 
Humber Avenue Flow rate m3 per second (15th to 17th March 2001)
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7.3c) Coventry Area Rainfall 
Coventry Area Rainfall (mm) (15th to 17th March 2001)
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Appendix 7.3: Continuous Water Quality Monitor data 
7.3d) Dissolved Oxygen 
 
Meadow Street Continuous Monitor Dissolved Oxygen (% saturation)  (15th - 17th March 2001)
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Humber Avenue Continuous Monitor Dissolved Oxygen (% saturation)  (15th - 17th March 2001)
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7.3e) Ammonia (N) 
 
Meadow Street Continuous monitor Ammonia (N) mgl-1  (15th - 17th March 2001)
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Humber Avenue Continuous monitor Ammonia (N) mgl-1  (15th - 17th March 2001)
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7.3f) pH 
 
Meadow Street continuous monitor pH  (15th - 17th March 2001)
7.6
7.7
7.8
7.9
8
8.1
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 10
1
10
6
11
1
11
6
12
1
12
6
13
1
13
6
14
1
14
6
15
1
15
6
16
1
16
6
17
1
17
6
18
1
18
6
19
1
19
6
series (4 per hour)
pH
 u
ni
ts
 
 
baseline 
period 
 
initial rainfall period 
 
pre-storm event 
 
peak rainfall period 
 
2o peak 
rainfall 
period 
post storm 
 
 
Humber Avenue continuous monitor pH  (15th - 17th March 2001)
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7.3g) Total Dissolved Solids 
 
Meadow Street continuous monitor Total Dissolved Solids (TDS gl-1) (15th - 17th March 2001)
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 10
1
10
6
11
1
11
6
12
1
12
6
13
1
13
6
14
1
14
6
15
1
15
6
16
1
16
6
17
1
17
6
18
1
18
6
19
1
19
6
series (4 per hour)
gl
-1
 
 
baseline 
period 
 
initial rainfall period 
 
pre-storm event 
 
peak rainfall period 
 
2o peak 
rainfall 
period 
post storm 
 
 
Humber Avenue continuous monitor Total Dissolved Solids (TDS gl-1) (15th - 17th March 2001)
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7.3h) Temperature 
 
Humber Avenue continuous monitor Temp (Degrees Celsius) ( 15th - 17th March 2001)
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Figure 7.3: Auto Spot sampling results – Humber Avenue only 
7.3i) Lead 
Auto Spot Samples Humber Avenue Lead ugl-1 (15th to 17th March 2001)
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7.3j) Copper 
Auto Spot Samples Humber Avenue Copper ugl-1 (15th to 17th March 2001)
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7.3k) Cadmium 
Auto Spot samples Humber Avenue Cadmium ugl-1 (15th to 17th March 2001)
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7.3l) Chromium 
 
Auto Spot Samples Humber Avenue Chromium ugl-1 (15th to 17th March)
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7.3m) Zinc 
 
Auto spot samples Humber Avenue Zinc mgl-1 (15th to 17th March 2001)
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7.3n) Chloride 
Auto Spot Samples Humber Avenue Chloride mgl-1 Cl (15th to 17th March 2001)
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7.3o) Total P 
Auto Spot Samples Humber Avenue Total P ugl-1 (15th to 17th March 2001)
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7.3p) Suspended Solids 
Auto spot samples Humber Avenue Suspended Solids mgl-1 (15th to 17th March 2001)
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7.3q) pH 
Auto Spot samples Humber Avenue pH (15th to 17th March 2001)
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7.3r) Biochemical Oxygen Demand (BOD) 
Auto Spot Samples Humber Avenue BOD5day mgl-1 (15th to 17th March)
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7.3s) Total Oxidised Nitrates (TON) 
Auto Spot Samples Humber Avenue TON mgl-1 (15th to 17th March 2001)
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Appendix 8.1 Dry weather investigation September 2003 and Storm event 
November 2003 
 
Figure a) Rainfall Dry weather event September 2003 
Dry weather run Rainfall (mm) 30 September 2003
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Figure b) River level Kingsbury Avenue September 2003 
River level River Sherbourne
dry (Kingsbury Rd guage)
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Figure c) Continuous monitoring– BOD and TON  September 2003 
Comparison US & DS of City Dry w eather continuous DO %sat
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Figure d) Continuous monitoring– ammonium  both sites September  2003 
Continuous Ammonium (as N) mgl-1 Comparison US & DS of City Dry weather
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Figure e) Continuous monitoring– pH  both sites September 2003 
Dry weather Continuous  pH Comparison of US & DS of City
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Figure f) Continuous monitoring– Specific conductivity both sites September 
2003 
Dry weather Continuous Specific Conductivity µScm-1 Comparison of US & DS of 
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Figure g) Continuous monitoring–Temperature Upstream and downstream of 
City September 2003 
Dryweather Continuous Temp (deg C) Comparison of US & DS of City
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Figure h) Auto-sample –Zinc concentrations Upstream and downstream of City 
September 2003 
Zinc dry weather comparison
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Figure i) Auto-sample –Cu concentration Upstream and downstream of City 
September 2003 
Copper dry weather comparison
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Figure j) Auto-sample –Lead concentrations Upstream and downstream of City 
September 2003 
Lead dry weather comparison
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Figure k) Auto-sample–Cr concentration Upstream and downstream of City 
September 2003 
Chromium dry weather comparison
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Figure l) Auto-sample–Suspended Solids concentration Upstream and 
downstream of City September 2003 
Suspended solids dry weather comparison
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Figure m) Auto-sample–pH measurement Upstream and downstream of City 
September  2003 
pH dry weather comparison
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Figure n) Auto-sample– BOD Upstream and downstream of City September 
2003 
Biochemical Oxygen Demand (BOD-Atu) dry weather comparison
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Figure o) Auto-sample–TON measurement Upstream and downstream of City 
September 2003 
TON dry weather comparison
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Figure p) Auto-sample–COD measurement Upstream and downstream of City 
September 2003 
Dry weather comparison COD (mgl-1)
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Humber Avenue Dry weather investigation samples September 2003 
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                                  Meadow St Dry weather Investigation September 2003 samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Humber Avenue dry weather Zinc and SS
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Meadow Street dry weather non- Zinc metals and 
phosphate
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   Comparison – Upstream and Downstream of City Dry weather Investigation September 2003 
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Appendix 9.1 Storm event November 2003 
Figure  a) Rainfall 
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Figure  b) River Depth US of City 
River level River Sherbourne US of City
(Kingsbury Rd guage) November storm 2003 
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Figure  c) River Depth DS of City 
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Figure  d) Continuous D.O., storm event November 2003 
Meadow St Continuous DO% %saturation
 storm event November 2003
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Figure  e) Continuous ammonium storm event November 2003 
 
Meadow St Continuous AmmoniumN mgl-1
storm event November 2003
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Figure  f) Continuous pH storm event November 2003 
 
Meadow St. Continuous pH 
storm event November 2003
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Figure  g) Continuous specific conductivity storm event November 2003 
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Figure  h) Continuous temperature storm event November 2003 
Meadow St. Continuous Temp deg.C 
storm event November 2003
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Figure  i) Sampled Zinc comparisons storm event November 2003 
Comparison Zn US & DS of City - storm November 2003
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Figure  j) Sampled Copper comparisons storm event November 2003 
 
Comparison Cu US & DS of City - storm November 2003
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Figure  k) Sampled Lead comparisons storm event November 2003 
 
Comparison Pb US & DS of City - storm November 2003
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Figure  l) Sampled Cadmium comparisons storm event November 2003 
 
Comparison Cd US & DS of City - storm November 2003
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Figure  m) Sampled Chromium comparisons storm event November 2003 
 
Comparison Cr US & DS of City - storm November 2003
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Figure  n) Sampled S.S. comparisons storm event November 2003 
 
Comparison Suspended Solids S & DS of City - storm November 2003
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Figure  o) Sampled pH comparisons storm event November 2003 
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Figure  p) Sampled BOD comparisons storm event November 2003 
 
Comparison BOD (Atu5) US & DS of City - storm November 2003
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Figure  q) Sampled TON comparisons storm event November 2003 
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Figure  r) Sampled COD comparisons storm event November 2003 
 
Comparison Chemical Oxygen Demand US & DS of City - storm November 
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Appendix 10.1 
Meadow Street September dry weather against November storm comparison 2003               
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                       Meadow Street September dry weather investigation against November storm comparison continued 
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Appendix 11 
 
i) Pre-Calibration Assembly. 
 
•    After cleaning the sondes, grease the D.O washer and screw into the unit. Replace 
the membrane. If there is a build up of deposits on the silver and gold sensors use the 
sandpaper like discs to remove the deposits. Five wipes either way following the grain 
should be sufficient. Once the membrane is placed on, make sure there are no air 
bubbles, if there are, replace the membrane again. Remember to trim all the excess 
membrane using a knife. 
• Grease the washers on the pH probe and then place inside the guard. Grease the 
guard washer and then screw in to the ISE 1 port. The probe should not be screwed 
too tightly to prevent cracking. 
•    In the ISE 2 port screw a blank cap to protect the connections from the solutions. 
• Attach a clean probe guard (with the end removed) to the sonde, to enable the 
probes   to calibrate whilst standing upright. 
•     Do not attach the ammonium probe at this point. 
ii) Calibration of pH 
 
Plug the sonde into the computer and open the Ecowatch software. A grey screen 
appears. Click upon the cursor with the yellow and black sonde on (the sixth box in.) 
A blue screen will then appear. Type MENU. The choices 1 to 8 appear. Press 8. 
The two solutions required are pH 7 and 10. Place the sonde in the pH 10 solution. On 
the computer the mV readings will be showing under the ISE 1 column. Repeat this 
for pH 7 and the results that should be attained are as follows: 
pH1O = -170 mV + 50. 
pH 7 = O mV + 50. 
If the readings are within calibration limits, press escape. The screen will return to the 
first menu. To calibrate, press 2, pH is then choice 6 and the calibration will be a two-
point calibration. Enter the calibration solution pH value. The sonde must always be 
calibrated in the pH 7 first, so type in 7.000 and then enter once. 
The calibration will take about five minutes; stir the sonde occasionally and once 
more when it has settled. If it remains settled or fluctuates only slightly after this press 
enter. The message will then read ‘calibration accepted’. Take the sonde out of the pH 
7 and rinse it in a pot of deionised water. Place the probes into the pH 10 and type 
10.000 and press enter once. Repeat the calibration method as before. 
If the probes are reading correctly then the display will return to the probe options. If 
the calibrations are not accepted the following procedure is followed: 
 Clean the probe again especially around the neck area where there are two 
holes in the glass case. 
 Unscrew the probe and check to see if there is any water in the contacts. Clean 
out using cotton buds and paper towels. Also check for any build up on the 
connections. 
 Change the calibration solutions for fresh ones. This is not usually a problem 
in the case of pH. 
 If the mV readings are now correct this is not usually a problem for continued 
operation. If they are still wrong, resort to the 600-uncal menu (See 600-uncal 
menu.) 
            Re-hydrate the probe in a pH7 solution. 
 
iii) Specific Conductivity Calibration. 
 
Rinse the probes in water; place in the solution 1.270 mS cm-1. Ensure that the 
conductivity well is submerged. Press 1 and 1 again for Specific Conductivity.  
Enter 1.270 then press enter once. 
The figures will then calibrate. When they become stable press enter and it should 
accept the calibration. If it does not: 
o Check the electrical contacts as with the pH probe. 
o Clean the electrodes with the brushes to make sure there is no build-up. 
o Recalibrate before entering the 600 un-cal menu. 
iv) Dissolved Oxygen calibration. 
 
From the specific conductivity calibration menu, enter 0 to return to the main menu. 
Press 8 to enter the diagnostics menu. The D.O charge should read between 25 and 
75. The usual level being in the fifties. If correct, place in the grey calibration cups 
with a couple of millimetres of water. Do not push the sonde in because this builds up 
pressure; place it so there is a seal between the rubber ring and the cup. Leave this for 
around ten minutes to saturate the air. Press escape to exit diagnostics, press 2 to 
calibrate, press 2 for D.O. and then press 1 for DO% and then enter 760.000 and again 
enter, for the calibration to begin. The calibration takes 35 seconds. Once it has 
finished it should read ‘calibration successful’. Press the ‘enter’ key twice, followed 
by the zero key twice. Confirm exit. This will then shut the sonde off while the 
ammonium probe is attached. 
If there are problems with the calibration undertake the following: 
o Reassemble the probes, wash with de-ionised water, remove any build-
up upon the electrodes, replace the membrane. 
o Check the diagnostics; if they are within the limits then repeat the 
calibration procedure again. 
o If they are not within limits, enter the 600-uncal menu. 
o If this procedure fails, replace the membrane and leave overnight. 
v) Ammonium Calibration. 
 
Take the cap out of the ISE 2 port, grease all of the washers on the ammonium probe 
and guard and screw the probe into the port in a similar way to the pH probe. 
Fill two beakers with l mg l-1 calibration solution, one with the 100 mg l-1 solution and 
another with deionised water. Place one of the 1 mg l-1 beakers back into the fridge to 
cool (40C) and leave the other to reach ambient temperature. 
Enter the sonde calibration screen by typing ‘menu’ and press the enter key. Enter the 
diagnostics menu (8), place the sonde into the l mg l-1 solution and take the mV 
readings. The same procedure is repeated with the 100 mg l-1 calibration solution. The 
following readings should be obtained: 
1 mg l-1 = O mV + 50. 
100 mg l-1  = 11O mV + 50. 
If these readings are correct press Escape to exit, 2 to calibrate, 7 to enter the 
ammonium menu. The calibration is 3 point so enter 3 and type in 100.000.  
Ensure that the 100 mg l-1 solution is being used and press enter. Once the figures 
become stable, (this may take up to 30 minutes with a few gentle stirs), press enter. If 
this is successful take the probe out of the solution, place in the water to rinse off, 
then place it into the 1 mg l-1 solution. This solution must be over 10 oC. Repeat the 
process as with the 100 mg l-1. Once this has settled press enter and if accepted as 
correct, place into the cold 1 mg l-1 solution from the fridge, repeating the process. 
Once this is completed press zero twice and confirm ‘exit’ to shut down the sonde. 
The calibration is complete. Any problems encountered while calibrating the 
ammonium (which is more than likely) can be addressed as follows: 
If the diagnostics are wrong, or the calibrations are being refused: Change the 
solution.  
It is very important that the 1mg l-1 is fresh, and should never be put back into the main 
bottle, as this will ruin the rest of the solutions. The ammonium levels in the 1mg/i can 
double over night once it has been used for a calibration. 
 If this has not worked then wet a cotton bud in a 100mg/i solution and gently 
wipe the tip in order to clean the membrane. 
 Check the connections inside the well where the probes interface with the unit. 
Make sure they are not corroded or wet. 
 If this fails then place the ammonium tip in a 100 mg l-1 solution overnight for 
it to rehydrate. 
 If the probe is still reading wrong after this, especially if it is very jumpy 
during readings, a new tip may be required. These have to be hydrated for at 
least 24hours before use. A normal life of a tip is around 3 or 4 months. 
vi) The 600-uncal menu – deletion of calibration settings. 
 
Type 600 then press enter, twice. Type ‘menu’. This function allows deletion of 
calibration attempts, when a sonde is not calibrating properly. Type 2 for the 
calibrations option and select problematic probe. Use the one-point calibration option. 
Type ‘uncal’ and then press the enter key. 
To exit this menu you must then press Ctrl X and wait until it returns to the normal 
screen. Then type ‘menu’ as before. 
